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Acacia species producing gum Arabic are of great (socio)-economic, and ecological im-
portance in Sudan. Insect attacks are one of the main causal agents in the decline in the gum 
Arabic yielding trees. Infested trees are almost totally damaged if the infestation is left un-
treated. The beetle family Cerambycidae is one of the largest groups of insects. Commonly 
referred to as long-horned beetles, these pests destroy host trees, having a great affect during 
times of drought.  
Many studies have been completed about the effect of long-horned beetles in various global 
settings. However, in Sudan, there is limited information about the insects’ ecological, biolog-
ical, and even basic, profile.  
Thus, in this dissertation I study the spectrum, relative abundance, and phenology of the long-
horned beetle species that are infesting Acacia species in Kordofan region (Sudan). Seven 
species were recorded using interception traps. These included Anthracocentrus arabicus 
(Thomson, 1877), Crossotus strigifrons (Fairmaire, 1886), Crossotus subocellatus subocella-
tus (Fairmaire, 1886), Doesus telephoroides Pascoe, 1862, Gasponia gaurani Fairmaire, 
1892, Titoceres jaspideus (Serville, 1835) and Tithoes sp.. Two species were recorded using 
ground - photoeclectors: Crossotus albicollis (Guérin, 1844) and Coelodon servum White, 
1853. Most of the species are known from other Arabian and African countries. However 
Coelodon servum White, 1853, Doesus telephoroides Pascoe, 1862, and Gasponia gaurani 
Fairmaire, 1892 were recorded in this study for the first time in Sudan. 
Results from flight interception traps indicated peak activity density of long-horned beetles 
during the rainy season (June – September), with maximum occurrence in June and peak oc-
currence in August.  
All study sites showed infestations of long-horned beetles, but the level of infestation varied 
between sites and Acacia species. The El Demokeya reserve forest indicated the highest per-
centage of infestation out of all the sites surveyed in this study. The infestation ranged be-
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tween 57.1% and 100.0% for Acacia senegal, between 5.9% and 26.7% for Acacia mellifera, 
and 0% to 23.1% for Acacia seyal study sites.  
Acacia species differed also with respect to the spatial infestation pattern. Results indicated 
the maximum (95.5%) presence of holes of infestation in the branches of A. senegal when 
compared to the trunk. Holes of infestation were recorded in all directions, with a minimal 
occurrence on the south side (18.2%). Opposite results were obtained for A. mellifera with the 
maximum number of holes in the trunks (46.2%), while branches were less affected. In addi-
tion results obtained showed no presence of holes in the branches of A. seyal. 
Moreover, this study focuses on the assessment of tree characteristics that may trigger the 
infestation. Logistic regression indicated that tree age was the only predictor for the infesta-
tion with long-horned beetles – at least for Acacia senegal. A significance difference was ob-
tained for the stand height curve between non-infested and infested trees of Acacia species, 
except A. senegal stands at El Demokeya.   
 
The study was supplemented by qualitative data, produced from a survey of gum landowners. 
This questionnaire indicated the level of awareness that gum landowners had with regard to 
long-horned beetles and their infestations. The results of this survey denoted that 95.0% of 
gum farmers were aware of the long-horned beetles, while 49.2% indicated an awareness 


















Als Lieferanten von Gummi Arabicum erlangen Akazienarten im Sudan eine große sozio-
ökonomische und auch ökologische Relevanz. Der Befall mit Insekten zählt zu den 
Hauptursachen für ihren Rückgang. Falls der Befall nicht bekämpft wird, sterben die Bäume 
meist ab. Die Familie der Bockkäfer zählt weltweit zu den artenreichsten Insektengruppen. 
Als Schädlinge zerstören sie ihre Wirtsbäume insbesondere während der Trockenzeit.  
Über die Auswirkungen von Bockkäfern auf ihre Wirtsbäume existieren weltweit bereits 
zahlreiche Studien. Allerdings ist im Sudan der Kenntnissstand über die ökologischen und 
biologischen Ansprüche der einheimischen Arten gering.  
Ziel dieser Dissertation war es deshalb Artenspektrum, relative Individuendichten und 
phänologische Aspekte von Bockkäferarten, die Akazien befallen zu analysieren  am Beispiel 
der Region Kordofan (Sudan). Sieben Arten wurden mit Hilfe von Fensterfallen erfasst. Dazu 
gehören: Anthracocentrus arabicus (Thomson, 1877), Crossotus strigifrons (Fairmaire, 
1886), Crossotus subocellatus subocellatus (Fairmaire, 1886), Doesus telephoroides Pascoe, 
1862, Gasponia gaurani Fairmaire, 1892, Titoceres jaspideus (Serville, 1835) und Tithoes 
sp.. Zwei Arten wurden mit Boden-Photoeklektoren gefangen: Crossotus albicollis (Guérin, 
1844) und Coelodon servum White, 1853. Die meisten der erfassten Arten sind aus arabischen 
und afrikanischen Ländern bekannt. Allerdings gelang im Rahmen dieser Studie der erste 
Nachweis Coelodon servum White, 1853, Doesus telephoroides Pascoe, 1862, and Gasponia 
gaurani Fairmaire, 1892 für den Sudan. 
Wie die Ergebnisse der Fensterfallen belegen, erreichten die Bockkäferimagines ihre größte 
Aktivität während der Regenzeit (Juni - September) mit einem Maximum im Juni und einem 
zweiten Gipfel im August.  
Auf allen Versuchsflächen war der Befall mit Bockkäfern offensichtlich, allerdings variierte 
der Befallsgrad zwischen den Versuchsflächen und den Akazienarten. Die höchsten 
Befallsraten traten auf der Versuchsfläche “El Demokeya reserve forest” auf mit Raten 
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zwischen 57.1% and 100.0% für Acacia senegal. Bei Acacia mellifera schwankten die 
Befallsraten zwischen 5.9% und 26.7%, bei Acacia seyal  zwischen 0% und 23.1%.  
Auch hinsichtlich des räumlichen Befallsmusters unterschieden sich die Akazienarten. Bei A. 
senegal traten – verglichen mit dem Stamm – 95.5% der Bohrlöcher an den Ästen auf. Ein 
Befall trat in allen Himmelsrichtungen auf, mit einem Minimum auf der Südseite (18.2%). 
Gegensätzliche Ergebnisse wurden für Acacia mellifera erzielt. Hier fanden sich die meisten 
Einbohrlöcher am Stamm (46.2%), während die Äste weniger befallen waren. Darüber hinaus 
war bei A. seyal kein Befall an den Ästen nachzuweisen. 
Desweiteren fokussierte die Dissertation auf die Erfassung von Merkmalen der Akazien, die 
in Zusammenhang stehen mit der Befallsdisposition. Eine logistische Regressionsanalyse 
belegte, dass von allen untersuchten Variablen nur das Alter der Bäume mit dem 
Bockkäferbefall korrelierte – zumindest bei Acacia senegal. Signifikante Unterschiede 
existierten zwischen den “ StandeshöhenKurve” befallener und nicht befallener Bäume der 
Akaziaarten,  ausser bei A. senegal auf der Versuchsfläche at El Demokeya. 
 
Ergänzt wurde die Studie durch eine Befragung der Landbesitzer hinsichtlich ihres 
Kenntnisstandes zum Befall mit Bockkäfern. 95% der Gummiproduzenten waren Bockkäfer 
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The beetles (Coleoptera) comprise one of the largest and most diverse groups of insects (Gra-
ham 2010). The beetle family Cerambycidae is one of the largest groups of insects with more 
than 35,000 species worldwide (Lawrence 1982). Cerambycids are especially abundant and 
diverse in the tropics (Berkov & Tavakilian 1999, Berkov et al. 2000). These beetles are 
called longhorns because of their often long antennae, especially in males (Evans et al. 
2004). Long-horned beetles have received attention in the recent past because of their pest 
potential (Hanks, 1999; Allison et al., 2004; Nerg et al., 2004). Among Cerambycidae spe-
cies, which attack living trees, many cause serious injury or death or attack wood with a high 
economic value to man and Cerambycids have also been implicated in the transmission of 
diseases of forest trees (Linseley 1959). In Sudan, these long-horned beetles (Cerambycidae) 
are of greatest concern for Acacia trees, ending up with the killing of the tree. A complete 
eradication as a mean of prevention of the insect from further spread has been done in Acacia 
agricultural project of Acacia senegal when surveyed during the 2000’s. Limited information 
is available about the insects and diseases that impact forests and the forest sector in Sudan. 
This also applies to long-horned beetle pests that affect Acacia species, particularly Acacia 
senegal, despite the environmental, ecological and economic importance of the tree. 
Research justification 
In Sudan the state of forest entomology scholarship has its own peculiarities, which have been 
evident since the 1950’s (Peake, 1952). One of the many factors that make the work in forest 
entomology difficult in Sudan is the lack of scientific literature. More studies about these 
pests are essential as these insects present a grave danger to trees if left untouched. In the 
1980s, long-horned beetles were observed as the primary infestation in Acacia trees (Jamal, 
1994). Moreover, Elhakum
1
 argues that it was responsible for approximately 45% of Acacia 
destruction during the 2003-2004 agricultural season, where the beetles completely destroyed 
                                                 
1
 Personnal communication (2005) 
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the tree and further dispersal was only prevented through the complete eradication of the in-
festeded area. Furthermore, in a survey completed by Ismael
2
 in North and West Kordofan, 
gum producers insisted that these insects were one of the major problems of gum producing 
trees.  
Background 
Sudan is the largest country in Africa (Fig.1.1) with several agro-ecological zones and vary-
ing climatic conditions, including: arid and semi-arid zones; savannahs with low-, medium-, 
and high–rainfall levels; and the mountainous areas. Rainfall ranges from zero in the hot arid 
north to more than 1,500 millimetres in the wet tropics of the mixed deciduous forests. Sudan 
is primarily an agricultural and pastoral country, where the majority of the population engages 
in agriculture and livestock activities. Thus, agriculture is the most important sector for the 
Sudanese economy in terms of its contribution to Gross Domestic Product (GDP). It account-
ed for 40% of GDP in 2006 (Bank Audi, 2007). Salih (2000) states that gum Arabic is an ex-
port commodity and hard currency earner that plays an important role as a major source of 
foreign exchange accounting for about 13.6% the annual export income. Accordingly, Sudan 
accounts for more than 80% of the world's gum Arabic production and trade. 
                                                 
2




Figure 1.1 Location of Sudan: Modified from encarta.com, 2008, by Mahgoub Suliaman. 
Taha (2000) cites that gum Arabic accounts for about 15.3 % and 10 % of the household in-
come of gum producers and other farmers in the Sudanese gum belt, respectively. According 
to Kananji (1993), about 80% of all gum Arabic is derived from A. senegal, 10% from A. sey-
al, and 10 % from A. laeta, A. camplycantha and A. depanolobium. Hashab gum (originating 
from Acacia senegal) accounts for more than 90% of the average harvest and is the most de-
sirable and valuable gum on the world market (Andrews, 1952). Within Sudan, gum from the 
Kordofan region has the highest reputation and countries, which import the product often in-
dicate their preference for Kordofan gum. In 1995, Kordofan produced 49.3% of Sudan’s 
gum Arabic, while Darfur constituted 23.4%, and eastern and central Sudan accounted for 
only 7% and 0.3%, respectively (El Din and Zarroug, 1996). The Kordofan Province alone is 




Figure 1.2 Map of the gum belt in Sudan  (Source: Hammer 1987). 
Acacia trees occur in a wide area of semi-arid land across sub-Saharan Africa. The Acacias in 
Sudan occur naturally in sandy soils, mainly on the 300 km wide `gum belt` in central Sudan 
where the annual precipitation is approximately 300-600 mm. Beside of economic benefits, 
Acacias are of high environmental and social importance, including the supply of fuel wood, 
charcoal, timber, pharmaceuticals, honey, fruit, pesticides, and forage. Moreover, Acacias are 
used for erosion control, soil improvement and, particularly in agroforestry, as shade dispens-
ers, ornamental and intercropping trees (AFT, 2008; El houri 1989; Vogt, 1995). This applies 
also for Acacia mellifera. 
Study objectives 
1. Identification of ecological parameters of long-horned beetles (e.g., species 
spectrum, relative abundance, phenology) on Acacia senegal trees. 
2. Estimatation of the percentage of infestation by the long-horned beetles on 
trees of Acacia species 
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3. Assessment of damage characteristics of long-horned beetle infestations on 
trees of Acacia species. 
4. Determination of tree characteristics that trigger long-horned beetle infesta-
tions. 
5. Assessment of gum owners’ level of awareness of long-horned beetles and the 




2. LITERATURE REVIEW 
 
2.1 Some remarks on forest health 
 
Outbreaks of insects and diseases in forests have resulted in substantial economic losses and 
environmental damage even though they may be less visible and less dramatic than fires and 
ice storms (FAO, 2005). Forest destruction can result from various cases, which include, but 
are not limited to, fire, insects and diseases, overexploitation of wood and non-wood forest 
products, poor harvesting practices, poor management, uncontrolled grazing, invasive species, 
air pollution, and extreme climatic events like drought, frost, storms and floods. The complex-
ity and interrelationship of these factors and their impact on the health and vitality of forests 
are difficult to unravel. Indirect impacts may be difficult to uncover, and include social, eco-
nomic and environmental dimensions. Nair (2007) claims that forest managers’ ignorance of 
insect-pest problems in the tropics is mainly the result of four different reasons, First, in the 
mixed–species natural forests of the tropics pest problems are only sporadic and less frequent 
than in the temperate forests. Second, in plantations where more serious pest problems occur 
they are fairly recent in origin. Third, there is limited information about the economic impact 
of these insect infestations, particularly, as Nair (2007) contends, due to the lack of research 
attention paid to the subject.  Finally, even in cases where economic damage is noted, there is 
no easy and effective method of controlling the pests.  
2.2 Overview of Acacia pests in Sudan 
Despite the limited information that is available about insects and diseases that impact the 
Sudan forests and forest sector, FAO (2007) estimates that a forested area which include the 
gum Arabic belt, spread across Darfur, Kordofan, Eastern and Central regions and totalling 
approximately 102 874 km
2
 is directly affected by insect pests and diseases. This situation has 
drawn the attention of a limited number of scholars who have investigated and described in-
sect orders and families and some of other pests (Ballal, 1986; Badi et al. 1989; El Khalifa et 
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al. 1989; Jamal, 1994; Khalil, 2003; and Elamin, 2007). Among the insect pests mentioned 
were many Coleoptera: cambium borers (Buprestidae and Cerambycidae), wood borers (Bos-
trychidae), seed borers (Bruchidae); Orthoptera: crickets (Gryllus sp.), desert locust 
(Schistocerca gregaria), mole crickets (Gryllotalpa africana); Isoptera: sand termites (Psam-
motermes hybostoma), large mound-building termites (Macrotermes sp.), lesser mound-
building/subterranean termites (Odontotermes sp.), and ground dwelling termites (Micro-
termes) (El Atta and Abdel Nour, 1995). As an example the tree locust (Anacridium mela-
norhodon melanorhodon) acts as a defoliator with impact on gum production (El Bashir, 
1994). 











Figure 2.1 Acacia senegal (photo by the author, July 2007 - Acacia agricultural project). 
The main gum-producing regions in Sudan are located in the Acacia senegal savannah-on-
sand vegetation type which covers most of Kordofan and Darfur, and parts of the White Nile, 
states. The clay plains of east and central Sudan contribute only about 25-30% of the total 
production of Sudanese gum Arabic. Of the 36 varieties of gum producing Acacias found in 
                                                 
3
Hashab in Arabic. 
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the Sudan, the major producers of marketable gum are A. senegal and A. seyal (talh gum) 
(Jamal and Huntsinger, 1993). 
The climate necessary for the survival of the tree, as described by IIED and IES (1990), is a 
tropical continental climate, which is characterized by a mild short winter and long hot sum-
mer. The winter season starts in December and ends in February, with trade winds blowing 
most of the season. The rest of the year is dominated by summer, with Inter-Tropical Conver-
gence Zone (ITCZ) progressing from the south to north, thus carrying the southerly moist air 
masses over the belt. The A. senegal tree prefers a tropical to warm-hot climate; it also thrives 
best in a wide range of soils (El Din and Obeid, 1970; Goor and Barney, 1976; Ballal, 1991). 
There are four identified varieties of A. senegal in the world (Brenan, 1983): var. senegal 
found naturally in Sudan; var. kerensis found naturally in Ethiopia; var. leiorhachis found in 
Somalia; and var. rostrata found in Southern Africa in the Transvaal region. Qadir and Chee-
ma (1973) mention that specific factors affect the growth and abundance of Acacia senegal, 
including biotic factors. Furthermore, Okatahi (1999) indicates the importance of insect at-
tacks for the survival of different gum Arabic trees. The following insect species and taxa are 
known to become pests of Acacia senegal, destroying the trees as observed in the field: Agri-
lus nubeculosus Fairm. (Khalil, 2003) and other Agrilus spp., Sternocera castanea L., 
Chrysobothris sp. (Coleoptera: Buprestidae); Acanthophorus confinis Cast (Coleoptera: 
Cerambycidae); Coleoptera: Meloidae (Jamal 1994); tree locust (Anacridium melanorhodon 
melanorhodon) (El Bashir, 1994; Elamin, (2007). 
2.4 Acacia seyal Del. var seyal4  
Acacia seyal Del var. seyal (talh) is a gum-yielding tree found in the savannah belt of the Su-
dan (Kamal and Gebauer, 2004). The classification of A. seyal was mentioned by von 
Maydell, (1990) and Vogt, (1995). Younis (2006) reports that over 40 species of insects are 
associated with A. seyal, including 10 species of bruchid beetles that may damage a high pro-
portion of stored seeds. Jamal (1994) describes the major insect pests of gum Arabic trees (A. 
                                                 
4
 Talha in Arabic 
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seyal and A. senegal), including the long-horned beetles (Cerambycidae), which destroy trees. 
Duke (1983) claims that fungi, including Fomes rimosus, Ganoderma lucidum, Leveillula 
taurica, Ravenelia volkensii, Trametes meyenii, and Uromyces schweinfurthii, were reported 
on this plant and although this plant is reportedly resistant to insect attacks, felled logs may be 
severely damaged by wood borers. Furthermore, other beetles attack the wood, such as bos-
trychid species like Sinoxylon senegalense. Moilinga, (2003) stresses the importance of other 
biotic factors, such as animal browsing and human activity. 
 
 
Figure 2.2 Acacia seyal var. seyal (photo by the author, July 2007- Um-Fakarin Reserve Forest). 
2.5 Acacia mellifera (Vahl) Benth 5  
The Acacia mellifera (Vahl) Benth is a multi-purpose tree found in Sudan as well as in all arid 
areas of northern and southern Africa and the Arabian Peninsula. In Sudan, the Acacia mellif-
era is the main tree species found on clay soil in the semi-desert ecological zone; it represents 
the tree vegetation on the semi-desert on sandy soils together with Acacia radiana, Commi-
phora africana, Leptadenia pyrotechnica, Cassia acutofolia and Calotropis procera. While in 
                                                 
5
Referred to as Kitir in Arabic 
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the centre of the greater Kordofan and Darfur, the Acacia mellifera-Commiphora sp. are con-
sidered as desert scrub (Gorashi, 2001). The tree prefers loamy soils and often forms impene-
trable hammocks, occasionally associated with A. senegal, A. laeta and A. seyal. The tree 
grows in and alongside wadis, and in East Africa, up to 1,500 m above sea level (von 
Maydell, 1990). Botanically it is a shrub measuring 1-9 m high from its base (ILDIS, 2008). 
Elhakum (2007) argues that long-horned beetles in Sudan infested the area covered by Acacia 
mellifera in Acacia agricultural project which was replaced by Acacia senegal and thus the 
beetles shifted and began to infest the Acacia senegal. 
 
Figure 2.3 Acacia mellifera (Photo by the author, July 2007 - Elain reserve forest) 
Furthermore, Acacia mellifera is also infested by the seed beetle Bruchidius uberatus 
(Fahraeus, 1839), a pest that also affects other Acacia species (FAO, 2007). These seed bee-
tles cause damage similar to the Caryedon serratus. However, it is primarily a pest that af-
fects stored seed (El Atta and Abd Nour, 1995). 
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2.6 The long-horned beetles 
2.6.1 An overview 
The study of tropical forest insects is now making great progress due to scientists’ interest in 
these insects. Moreover, the fast and increasing destruction of tropical forests, at a rate of 7 to 
12 million hectares per year, urges entomologists to study these insects as quickly as possible 
as they fear that a great number of species might disappear before they are discovered (Dajoz, 
1992). 
2.6.2 Introduction 
The Cerambycidae, commonly known as long-horned beetles, longicorns, capricorns, round-
headed borers, timber beetles, goat beetles (Bockkäfer), or sawyer beetles, comprise one of 
the largest and most varied families of coleopterans. There are about 2,500 species in the Pal-
aearctic fauna. Long-horned beetles include an almost infinite variety of shapes, coloration 
and ornamentation (Solomon, 1995). It is distributed worldwide, ranging from sea level to 
mountainous sites as high as 4,200 m elevation; basically the beetles are found wherever their 
host plants are located (Monné and Hovore, 2005). Cerambycid beetles are highly diverse, 
both taxonomically and ecologically, and are closely allied to their host plants. Thus, they 
may provide important data and evolutionary "clues" for ecological and zoogeographic stud-
ies. 
2.6.3 Economic importance 
Cerambycidae is one of the economically most important groups of insects of the world. It 
interferes with and damages forests, forest products, shade trees, fruit and nut trees, vegetable 
and field crops, seeds, orchids, and flowers (Linsley, 1959). Long-horned beetles affect many 
forest species. In Ghana the longhorn borer Analeptes trifasciata E. severely attacks Ceiba 
pentandra, and also recently Eucalyptus species (Wagner et al., 1991). Hawkeswood, (1992) 
mentioned Acacia sp. (Mimosaceae) as host plants for the Australian long-horned beetles 
Agrianome spinicollis (Macleay) and Cnemoplites sp. In addition Cnemoplites sp was report-
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ed by the same author on Eucalyptus acmenioides Schau. (Myrtaceae) and Acacia decurrens 
(Wendl.) Wild. Moreover the Mimosaceae acts as a host for Eurynassa australis (Boisduval). 
In southern Brazil, the beetles of the genus Oncideres cause heavy damage by girdling twigs 
and branches of Acacia mearnsii (CABI, 2005). In plantations in Queensland, Australia Pen-
thea pardalis causes serious damage on Acacia mangium (Nair, 2007). Severe epidemics of 
the cerambycid beetle Hoplocerambyx spinicornis have occurred on the sal tree Shorea ro-
busta as mentioned by Nair, (2007). During an epidemic in 1923-1928, about seven million 
sal trees were killed (Roonwal, 1978). Another epidemic started in 1994 and killed about 
three million trees by 1998, before it subsided naturally in 1999 (Dey, 2001). 
2.6.4 Host relationships 
The larvae of most Cerambycids bore into shoots, twigs, stems and roots of woody plants. A 
few small species develop in seeds while others attack herbaceous plants. Schabel (2006) 
mentions that Hanks (1999) differentiated four categories of Cerambycids host selection, in-
cluding healthy hosts (HH species), weakened hosts with recovery potential (WH species), 
severely stressed or moribund trees, including recently felled trees (SH species), and dead or 
decaying trees, including seasoned, structural wood (DH species). There are also distinct dif-
ferences with respect to which part of wood Cerambycid larvae are likely to develop. Many 
HH and WH species feed relatively briefly in the subcortical area (inner bark, cambium and 
young sapwood) before spending the remainder of the developmental period in the sap-and/or 
heartwood. SH species feed almost exclusively in the subcortical zone. They often occur in 
the outer sapwood but only invade it for pupation or if they should run out of subcortical tis-
sues before reaching maturity (Schabel, 2006). 
2.6.5 Biology of cerambycidae 
The adults of many species visit flowers where they feed on nectar and pollen, while others 
carry out feeding on bark in the crowns of trees. The mating can take place on the flowers or 
on the host plants. The eggs (one egg or a group of eggs) are usually deposited under bark or 
in cracks in the wood with the help of the ovipositor. Some species of the genera Saperda and 
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Monochamus gnaw excavations into the wood and deposit a single egg in this hollow. During 
larval development, which mostly lasts 1 - 3 years, several larval stages (for example, up to 
14 in laboratory rearing of Anoplophora glabripennis) are passed through, ending with pupa-
tion within characteristic pupal cells in the host tree (Bense, 1995). 
2.6.6 Control 
Pest management  
Wagner et al. (2008) outlines a number of management techniques to lessen the damage 
caused by boring insects. 
Examples of long-horned beetles control strategies 
Many strategies have been mentioned to control the long-horned beetles. They comprise bio-
logical approaches, integrated pest management and conventional chemical control. The inte-
grated pest management was practiced with Eucalyptus longicorn beetle, Phoracantha semi-
punctata, in California as Paine et al. (1995) reported. Other pest management was experi-
enced with the Analeptes trifasciata of Bombacaceae (Wagner et al. 1991), The biological 
control was done for the Asian long-horned beetle (Anoplophora glabripennis) (Lieutier et al. 
2004) and was also reported a success in southern Africa for Eucalyptus borers, Phoracantha 
semipunctata (Fabricius) and Phoracantha recurva Newman (Neuenschwander et al. 2003). 
While, the entomopathogenic nematodes Steinernema spp. and Heterorhabditis spp. have 
been tested in China against A. glabripennis, with some success (e.g. Liu et al. 1992). Inter-
estingly, an egg parasitoid, Aprostocetus sp. (Hymenoptera: Eulophidae) has been found as-
sociated with A. chinensis in Italy, and is presently investigated for its biological control po-
tential against Anoplophora spp. in North America (Smith et al. in press). 
Non-chemical management strategies 
Several cultural practices which can reduce borer infestations were mentioned e.g removal 
and burning of damaged trees and branches Keith et al. (2003) and the removal of infested 
trees (Donley 1981).  
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Host plant resistance  
There is enough evidence to indicate that certain varieties of tree species are more resistant 
than others to the same wood-boring insect. One of the key components is the indirect effect 
of drought stress, which changes the chemical and physical nature of the tree, thus making it 
more attractive and, after colonization, more susceptible to beetle attacks. Key among the 
defence strategies employed by trees is sap or resin flow and its chemical composition (Lieu-
tier et al., 2004). 
Chemical management strategies 
Chemical treatments are effective only if applied as residual sprays prior to egg-laying activi-
ty by beetles. If residuals are in place, young larvae are killed while attempting to invade the 
wood, taking into consideration the time of application, which is extremely difficult to 
achieve. Furthermore, it is difficult to determine which trees may be infested (Keith et al., 





3.1 Study area 
3.1.1 Location  
This study was conducted in North and South Kordofan States in the 2007-2008 seasons. 
North Kordofan State is located in central Sudan in the dry semi-arid region between latitudes 
11, 15 - 16, 45 N and between longitudes 27, 5 - 32, 15 E. It covers an area of 244,700 
square kilometres (Gaafar and Salih, 2007). The capital city of the state is El Obeid, the big-
gest gum Arabic market in the world. South Kordofan State is located in the southern half of 
Sudan between latitudes 9° to 13° N and longitudes 27° to 32° E. South Kordofan State con-
tains four main ecological domains: the Nuba mountains; the southern plain bordering the 
Bahr el Arab; the western sandy plain; and the eastern plain bordering the White Nile. The 
Um Fakarin Natural Forest Reserve stretches beyond the border of North Kordofan to the 
eastern plain of South Kordofan State.  
 
Figure 3.1 Location of the study area and the study sites (developed by Hendrik, 2009) 
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3.1.2 Climate and soils 
The climate in the study area has four recognized seasons: 
1. the rainy season (locally called kharif) from May to October with peak rains in 
August;  
2. the harvest season (Darat) from October to early December, characterized by 
low humidity and night temperatures;  
3. the cold season (shita) from December to mid-February with moderate temper-
ature and comfortable humidity; and  
4. the hot dry season (seif) with prevalent northeast winds from mid-February to 
mid-May.  
Rainfall in the study area varies with regards to both time and amount (Hulme, 2001). The 
length of the rainy season depends to a large extent on the latitude (Olsson, 1985). The mean 
annual temperature is 27°C with extreme temperatures ranging between 10 and 46°C. Mean 
relative humidity varies between 20% in winter to 75% during August. The prevailing winds 
in the study area, blow from the northeast during winter and the southwest during summer. 
Wind activity is more pronounced in the northern part than in the southern part of the study 
area. Winds have medium speed, generally with less than 3 m/s, but are quite capable of mov-
ing sands from sandy soil. The bioclimate of South Kordofan State is classified into two 
zones: the Southern Sahel (open thorn savannah) and the Sudan Savannah (shrub woodland). 
The mean annual rainfall ranges from 500 mm to 750 mm in the south (SKADP, 1992).  
The soil in the study area is classified as three main types of soil: sandy "goz" soils, sandy 
pedi-plain clay "gardud" soils, and alluvial flood plain soils. The sandy soils (goz) are poor in 
mineral and organic matter content. The gardud is a local term used for a number of different 
clay soil types and for heavy non-cracking soils that are impermeable to water. The alluvial 
flood soils are found in and around seasonal water streams.  
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3.2 Site selection 
A field survey was conducted in May 2007 in the study area to select study sites for the as-
sessment of infestations of the Acacia species by the long-horned beetles (Fig. 3.3). This was 
done in collaboration with some scientists and community leaders in the area (Appendix 3). 
Consequently, seven study sites representing different Acacia species were included in the 
experimental design (Tab. 3.1, Fig. 3.1). Three sites were selected for A. senegal, while two 
sites were determined for each of A. seyal and A. mellifera (Tab. 3.1). These sites meet the 
following criteria for different patterns of management (FRA 2010: Categories and defintion 
of forest ownership and management rights, shown in Appendix 1): 
 
1. Elhemera (A traditional system
6
 Elsiddig, 2007) 
Land at Elhemera area is considered as a government property, and the tribal leaders (sheikhs) 
take the control over it at the village level. There are some village representatives who have 
been consulted by the sheikhs when discussion on important issues takes place. On the other 
hand, there are many organized working groups or bodies at Elhemera village level; these 
include the Public Committee, Gum Arabic Producers Association (GAPA) and other social 
committees. Siddig (2004) mentioned that at the beginning of gum trade in the last 20th cen-
tury, farmers started to ask for registration of their lands under gum gardens to avoid bloody 
conflicts. At that time, tribal leaders set rules to organize land tenure in their domains. Later 
such organization has been recognized as local customs and rules on the land. The Unregis-
tered Land Act of 1970 reconfirmed the government ownership over all unregistered lands. 
However, local tenure arrangements still operate either alongside or interrelated with the offi-
cial system. The head of the village is trusted to allocate lands to the local people in his vil-
lage (WSA and GARC, 2009). 
 
 
                                                 
6
 Refers to unregistered land managed under traditional leaders (Nasir, Sharti and Skheikh) who are responsible 
for land allocation to individual or families  
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2. Agricultural research corporation 
This site is defined as institutional or reseach managed (e.g forest health, reforestation) forest 
directly managed by the Agricultural research corporation at El Obeid (meteorological station 
in El Demokeya). 
3. Elain Management 
Elain forest has been put under management conducted as joint activity between the Forests 
National Corporation (FNC) and the SOS Sahel NGO, in collaboration with the local people 
living in villages around the forest. It is a conservation management system involving local 
villagers. The management system adopted at Elain (Kordofan state) forest reserve incorpo-
rated the local people in a participatory approach with the objective of organizing people in 
the management process in order to arrest the destructive illegal felling and at the same time 
to satisfy people’s needs for forest products. According to Kobbail (2010) the form of man-
agement in Elrawashda and Elain forest reserves is collaborative management, which seeks to 
create agreements between local communities or groups of resource users and conservation 
authorities for negotiated access to natural resources, which are usually under some form of 
statutory authority (Luukkanen et al. 2006). 
 
4. Um-Fakarin 
This site is an administrative system managed by the Forests National Corporation, which 
faciliates tenure security and specifies property rights (Elsiddig, 2007). 
 
Detailed information about management systems concerning Acacia Agricultural project and 




              Figure 3.2 Pre-survey with researcher, the author and a village leader in Elhemera (photo by the   
              author, 2007). 
 
3.3 Characteristics of the study sites 
Elhemera forest  
Elhemera forest is a pure stand of Hashab trees established by farmers by joint program start-
ed in 1982 with the Natural Forest Corporation (FNC) in El Obeid. Elhemera village is about 
25 kilometer West El Obeid town. Furthermore, some of the gum Arabic research is executed 
in this forest and still it is suitable area for gum Arabic research in the Sudan. In addition to 
the plantations, there are also natural Hashab stands, which have been established from natu-
ral seed dispersal by mother trees. 
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El Demokeya reserve forest 
The El Demokeya reserve forest (latitude 13°16
' 
N; longitude 30° 29' E) located about 30 km 
East of El Obeid town was established in 1959 within a forest area of about 3,150 hectares. 
The area under Acacia senegal is approximately 1500 ha. It is considered the biggest reserve 
forest of pure A. senegal stands in the Sudan. The forest also constitutes the country’s only 
gene bank of A. senegal trees. In addition to plantations in these two sites, there are also natu-
ral A. senegal (Hashab) stands. These stands have been established from natural seed disper-
sal from mother trees. Most gum Arabic research in Sudan was, and still continues to be, 
completed at these two sites.  
Vegetation of Elhemera forest and El Demokeya reserve forest 
The two sites are naturally dominated by Acacia senegal with few scattered shrubs and trees 
of Balanites aegyptiaca (L.), Leptadenia pyrotechnica (L.), Boscia angustifolia A.Rich, Bos-
cia senegalensis (Pers.) Lam. and Poir., Acacia mellifera (Vahl) Benth., Acacia tortilis,variety 
raddiana and spirocarpa, Faidherbia albida (Del.) A. Cher., Ziziphus spina-christi (L.) Del. 
The main grasses include: annual grasses like Cenchrus biflorus and Echinochloa colonum. 
Beside these, there are annual herbs like Cassia senna, Euphorbia scordifolia and Euphorbia 
aegyptiaca (Adam 2000). 
Soil type of Elhemera forest and El Demokeya reserve forest 
The soil of both sites lies within the sand dune areas locally known as the "Goz" soil. These 
soils are inherently poor, but their high permeability and easy penetration of roots, compen-
sate for their inherent poverty (Adam 2000). 
 
Acacia agricultural project 
Historically, the Acacia agricultural project site was a range and pasture area for the Baggara 
tribe. This area was planted with A. senegal in 1997 with spacing of 3 by 3 meters. Previous-





Elain natural reserve forest  
The Elain natural reserve forest (12° 52_ 13° 04_ N and 30° 10_ 24°E), is situated approxi-
mately 26 km south east of Elobeid city. It covers an area of natural woodland equivalent to 
11,850 hectares, dominated by A. mellifera. With regards to community forest, the area was  
reserved by the Forest National Corporation (FNC) in 1992. The area is located in the semi-
arid region, characterized by a short and erratic rainy season. The semi-arid area represent 
non-equilibrium environments where annual rainfall and other external events such as drought 
and disease are the most important factors that determine the production potential of re-
sources, namely vegetation such as annual grasses and livestock (Elsiddig, 2003).  
Vegetation 
Vegetation in the Elain natural reserve includes poor Acacia woody vegetations, namely Aca-
cia nilotica, while Terminalia brownii, Balanites aegyptiaca and Adansonia digitata are also 
present (Eltahir, et al. 2009). 
 Soil type 
The “Gardud” soil type is found in the southern part of the locality (ADS, 1993). The alluvial 
flood soil is found in and around seasonal rivers and/or water courses. 
 
Um -Fakarin natural reserve forest 
The Um - Fakarin natural reserve forest is located between latitudes 12° 29´ 25´ N to 12° 35´ 
09´ N and longitudes 31° 17´ 33´ to 31° 20´ 00´ E, approximately 50 km north of Al abbasia 
town. This forest was reserved in 1954 with a total area of 1498 hectare, which was extended 
to 2940 hectare in 1999.  
Vegetation 
The forest is dominated by A. seyal var. seyal and other scattered species including: Acacia 
seyal var.fistula (Saffar abiad in Arabic), Balanites aegyptiaca (Higlig in Arabic), Ziziphus 
spina-chrieti (Sidr in Arabic), Acacia mellifera (Kitr in Arabic), Acacia senegal (Hashab in 
Arabic), Acacia nubica (Laot in Arabic)
 
and Boscia senegalensis (Mikheit in Arabic). Im-
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portant grasses are Aristida spp. and Eragroszis spp. Dominant shrubs are A. nubica and 
Ziziphus spina-christi (Ali, 2006). 
 Soil type 
Sandy-clay loam, sandy-loam and Mayaat (soil under water bodies) are the major soil types 
that prevail in the Um-Fakarin Forest Reserve (Mohammed, 2011). 
   
El Simaih agricultural project 
The El Simaih forest, in the southern part of the Um Rwaba province, is located at latitude N 
12°51´54´´and longitude E 31°30´8´. The protected forest area is about 2685 feddans. Species 
dominating are A. seyal, A. nilotica, A. senegal, and A. mellifera. This project was rehabitated 
for A. seyal plantation with spacing of 4m by 4m. The project was managed by the Ministry 
of Agriculture referring to the rehabitation programme. Detailed information about manage-
ment procedure was not found. 
 
3.4 Sampling methods 
3.4.1 Temporary sample plots 
Temporary sample plots technique (tree parameters measured one time covering an area on a 
sample plot
 
(El Tayeb et al., 2006) was conducted in all of the study sites in this study to in-
vestigate the effects of long-horned beetles on Acacia tree species. A number of five circular 
sample plots (SPs) (each with a radius of 17.8 m and 0.1 ha in size) were taken. The SPs were 
located at a distance of 1 km. In each SP, observation, measurement and counting were con-
ducted:  
(1) counting the total number of trees, 
(2) counting the number of trees attacked by the borer, 
(3) observation and measurements required (see 3.6; 3.7 and 3.8).  
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3.4.2 Data acquisition of long-horned beetles 
Flight interception traps 
Nine flight interception traps, respectively (Fig. 3.3) were set in two of the study sites the 
Acacia agriculture project and the El Demokeya reserve forest from October 2007 to October 
2008 at (in total: 18 flight interception traps) to detect the species spectrum and other ecologi-
cal parameters of the long-horned beetles. The traps were distributed in all cardinal directions 
in the forest at the accessible lower branches of A. senegal trees. Traps were monitored bi-
monthly and trapped insects were collected from the killing jar (saturated solution of natrium 
benzoate) and conserved in 75% alcohol. The specimen collected were identified by 
Gianfranco Sama (Vi Raffaello Sanzio, 84, I 47521, CESENA – ITALY) in 2008.  
 
Figure 3.3 Flight interception trap at the El Demokeya reserve forest. 
Destructive sampling  
Samples of infested stems and branches of Acacia senegal from Acacia agricultural project 
study site were collected. The samples were collected to fit in three cages, which are 1m by 
1m in size and kept until the emergence of adult beetles for the purpose of identification and 
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classification. This also allowed the infested logs to be observed using a groundphotoelector 
to detect the emergence of adult long-horned beetles and to observe their behaviour (Fig. 3.4). 
These cages were developed using the same models of ground photoeclect employed at the 
Chair of Forest Zoology at TU Dresden, Germany. Although the cover was modified for the 
purpose of this experience, a similar transparent material was used for the body. Adults were 
observed daily and collected manually with the aid of a green background cover.  
 
Figure 3.4 Cages (Groundphotoelect) for Acacia senegal infested logs (photo by the author, 2007). 
3.5 Measuring tree characteristics  
During the field survey, variables that may trigger long-horned beetle infestations were meas-
ured, including the following:   
 Tree height from soil surface to tree tip, using a Hypsometer instrument;  
 Stem diameter, using a metal calliper;  
 Tree crown size, using a measuring tape;  
 Tree age was identified by a well-trained and experienced forester who was a member 
of the survey crew; 
 Stem surface temperature at dbh during day time using an infrared thermometer;  
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 Stand density by measuring the number of trees in a small plots of known area repre-
senting the stand (Philip 1998) (N= n¯/a, where: N=number of stems per hectare, n¯= 
average of counts). 
3.6 Inspection for damage characteristics 
The inspection of Acacia trees for damage characteristics was based on the methods and de-
scription by:  
- Boa (2003) describing the causes of ill health in trees; pest (biotic) influences; major 
groups of pests that infest trees and categories of symptoms of ill health e.g. physical 
evidence like exit holes;  
- Coulson and Witter (1984) mentioned insect damage and signs categories. 
Table 3.1 Study sites 
Site name Elevation (m) Plot No. Species  Number of trees surveyed  
















































































































Table 3.2 Examples of evidence of insect activity concealed within plant tissues, either currently or in the past 
(Leather 2005) 
Part of plant Evidence Causal agent 
External bark Medium to large oval holes in bark Exit holes of long-horned beetles 
Internal bark/ Shallow but wide engravings  Tunnels of long-horned or roundhead beetles 
 
Table 3.3 Major stem habitats on trees associated with long-horned beetles (Leather 2005) 




Bark wood /sap interface Borers 
Timber Borers 
 
The study focuses on the observation of the tree stem as well as the branches. Number, loca-
tion and direction (east, south, west and north) of holes were recorded. The shape and size of 
the hole also implies a long-horned beetle infestation. For example, when a round pen or pen-
cil is inserted into a long-horned beetle’s emergence hole and fits perfectly, the tree in ques-
tion is exhibiting symptoms of infestation. Furthermore, when a cross-section from an infest-
ed part of an A. senegal tree denotes a round shape, a long-horned beetle infestation is pre-
sent. 
3.7 Percentage of infestation rates 
The percentage of infestation was calculated based on the ratio of the number of infested 





3.8.1 Sampling methodology 
The main objectives for using a semi-structured questionnaire in this study were to identify 
and analyze the farmers’ awareness about the long-horned beetles and their effects on Acacia 
senegal. The questionnaire was administered in a group of four locations (see Appendix 8) 
that represented the gum Arabic belt in Northern Kordofan. Within each location, interviews 
were held in 2 – 3 villages. In each village 16 households were interviewed and a total of 53 
questions were administered. The villages were chosen to represent the gum Arabic belt and 
thus enhance the survey’s value, in accordance with the objective of the study. The question-
naire was designed by the author (Appendix 8) and used to collect cross-sectional data such as 
personal characteristics from respondents. Furthermore, questionnaire specific objectives 
were included to facilitate the collection of information about the long-horned beetles and 
their effect on gum production. The author and interviewers conducted the questionnaire. 
Questions were presented directly to each respondent by the interviewer. The interviewer read 
each of the questions as instructed on the survey form and recorded the interviewee’s re-
sponses. The interviewer explained the purpose of the research and its importance to every 
interviewee to build the respondent’s confidence and to encourage him/her to respond to all 
questions. 
The selection criteria for the interviewee included: 
1. Location: interviewees should be dispersed throughout the gum producing area in the 
study area. 
2. Familiarity: interviewees should be familiar with Acacia senegal (Hashab), including 
production and harvesting. 
The author executed the survey with the assistance of four research assistants with different 
disciplinary backgrounds. The questionnaire was designed in English but interviews were 
conducted in Arabic. 
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3.9 Description of statistical and analytical methods 
3.9.1 Statistical analysis methods 
Data collected during the field survey were coded (Appendix 7; Table 4.1), computed and 
analyzed using Microsoft Excel and SPSS for windows. Simple linear correlation, Wilcoxon 
signed ranks test, Kurskal waldis test, and logistic regression statistical analysis were used to 
describe the data in addition to computational statistics of stand height. 
3.9.2 Simple linear regression 
The simple linear regression model is of the form yˆi = β0 + β1x + ε, where x and y represent 
values of the independent and dependent variables, respectively. This model is often referred 
to as the regression of y on x. The first portion of the model, β0 + β1x, is an equation of the 
regression line involving the values of the two variables (x and y) and two parameters β0 and 
β1. These two parameters are called the regression coefficients. Specifically: β1 is the slope of 
the regression line, that is, the change in y corresponding to a unit change in x (Freund and 
Wilson 2003), when a number of predictors (independent variables) influence the dependent 
variable (Zar 2009) the situation is best expressed by: yˆi= 1 1 2 2 n n...... a xa x a x   + ε,. 
 
3.9.3 Test of significance between Acacia species for infestation 
Wilcoxon signed ranks test 
The Wilcoxon signed rank test is used to test that a distribution is symmetric about some hy-
pothesized value, which is equivalent to the test for location. The illustration is with a test of a 
hypothesized median, which is performed as follows: 
1. Rank the magnitudes (absolute values) of the deviations of the observed values from 
the hypothesized median, adjusting for ties if they exist. 
2. Assign to each rank the sign (+ or −) of the deviation (thus, the name “signed rank”). 
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3. Compute the sum of positive ranks, T(+), or negative ranks, T(−), the choice depend-
ing on which is easier to calculate. The sum of T(+) and T(−) is n(n+ 1)/2, so either 
can be calculated from the other. 
4. Choose the smaller of T(+) and T(−), and call this T. 
5. For small samples (n ≤ 50), critical values are found in Table7. 
 
If n is large, the sampling distribution of T is approximately normal with μ = n (n+ 1)/4, and 
σ2 = n (n+ 1)(2n+ 1)/24, which can be used to compute a z statistic for the hypothesis test 
(Freund and Wilson 2003). 
 Boxplots 
A graphical representation also called box-and-whiskers plot where the median and the lower 
and upper quartiles (Q1 and Q3) form the basis of a graphical presentation that conveys a rap-
id sense of the middle, the spread, and the symmetry of a set of data (Zar 2010). 
The features of the plot are as follows (Freund and Wilson 2003): 
1. The “box,” representing the interquartile range, has a value we denote by R and the 
endpoints Q1 and Q3. 
2. A vertical line inside the box indicates the median. If the median is in the center of the 
box, the middle portion of the distribution is symmetric. 
3. Horizontal lines extending from the box represent the range of observed values inside 
the “inner fences,” which are located 1.5 times the value of the interquartile range 
(1.5R) beyond Q1 to the left and Q3 on the right. The relative lengths of these lines are 
an indicator of the skewness of the distribution as a whole. 
4. Individual symbols ◦  represent “mild” outliers, which are defined as values between 
the inner and outer fences, which are located 3R units beyond Q1 and Q3. 
                                                 
7
 Critical Values for the Wilcoxon Signed Rank Test N = 5(1)50, Source: Reproduced from Wilcoxon and Wil-




5. Individual symbols •  represent the location of extreme outliers, which are defined as 
being beyond the outer fences. 
Kruskal- wallis test 
A non-parametric test for difference among groups, it is also called an analysis of variance by 

















 in  
i=1 
(the total number of observations in all k groups), and iR  is the sum of ranks of the in  obser-
vations in group i. Under the assumption that samples were taken randomly and independent-
ly of each other and the populations have approximately the same shapes, which can be indi-
cated by the shape of the boxplots when getting the same shape then it is possible to continue 
with ANOVA proceedure. 
3.9.4 Logistic regression method 
Logistic regression is a mathematical modelling approach. The purpose of using logistic re-
gression is the same for any model-building technique used in statistics, basically to find the 
best fitting and most parsimonious, yet biologically reasonable, model to describe the rela-
tionship between an outcome (dependent or response) variable and a set of independent (pre-
dictor or explanatory) variables which are often called covariates. In regression analysis when 
the outcome variable is dichotomous, the conditional mean of the regression equation must be 
formulated to be between zero and one. The binominal distribution describes the distribution 
upon which the analysis is based (Hosmer and Lemeshow, 2000). It was widely used and ap-
plied in life, biology, and disease detection (Schowalter, 2006).  
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Logistic regression is used in this study to predict the long-horned beetle infestations in Aca-
cia trees through several predictor variables, particularly tree height, tree age, tree tempera-
ture, crown size, dbh, and crown diameter. 
3.9.4.1 Logistic regression curve 
A logistic regression curve occurs when the values of Z are between -1 and +1, the curve is S- 
shaped. It closely resembles the curve obtained when the cumulative probability of the normal 
distribution is plotted. The relationship between the independent variable and probability is 
nonlinear. The probability estimates will always be between 0 and 1, regardless of the value 
of Z. In a logistic regression, the parameters of the models are estimated using the maximum-
likelihood method (Norusis, 1990).  
The logistic function is useful because it can take as an input any value from negative infinity 
to positive infinity, while the output is confined to values between zero (0) and one (1). In this 
study infested trees are denoted by one and non-infested trees represent zero. 
                 
  Prob (event) =                           1 
                                                                       ____________ 
 
                                                    1+





(Norusis, 1990)  
 
3.9.5 Classification analysis methods 
3.9.5.1 Choice of classification rule 
The values of estimated prior probabilities of group membership, qg, which can bed is one of 
the only two concerns for choosing the normal-based classification rule to used. Most re-
searchers simply use gq ,= /g Nn , where ng  is the size of group g and N= gn , assuming 
that the ratio of the sample sizes, 1n : 2n  :…..: kn  is similar to the ratio of the population sizes. 
3.9.5.2 Assessment of observed hit rates (Huberty, 1984) 
Results of a classification analysis are summarized in a classification table as in Tab. 3.4. 
Here, a question naturally arises, namely, arek separate-group hit rate, /gg gn n , and the total 
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 ‚ represent a better possibility than what can be expected by chance? 
To answer this question, two concerns were dealt with: (a) the analysis used to yield the ob-
served classification table, and (b) the meaning of chance.  
For total-group hit rates, two interpretation chances are applicable for classification analysis. 
Proportion chance criterion and the maximum chance criterion (Huberty, 1984). The chance 
frequency of hits for group g is: 
                 
2
/g g g g Ne q n n         Formula (1) 
Where: g is predicted group membership, eg is the expected frequency in cell (g,g) of a classi-
fication table, N 
In terms of statistical significance, the standardized normal test statistic for group g is:  









    Formula (2) 
Table 3.4 Classification table for k =3 
Predicted group 
________________________ 
Actual group                                  1                             2                            3                                          Total  
1                                              11n                        12n                            13n                                     1.n = 1n  
2                                              21n                                       22n                                               23n                                          2.n .= 2n  
3                                             31n                                            32n                                            33n                                          3.n .= 3n  
Total                                      1.n                                           2.n                                                 3.n                                             ..n ..= N             
 
3.9.6 Tree height curves 
As an indicator of site quality and stand productivity, the tree height variable is of great im-
portance. Height curves are obtained using the relationship between tree heights and their 
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corresponding diameters. This relation is expressed in a mathematical function using SPSS 
for regression analysis. Height curves in the study were constructed using the MICHAILOW 
function (Kramer und AkÇa, 1982). 
T h= 1.3+exp (a0/dbh+a1). 
Where: exp= estimates, Th = Tree height of trees; dbh= Diameter at breast height 
The coefficient a0, a1 are obtained using regression analysis techniques in SPSS. 
Stand height curves were constructed using data collected from site measurements (July 
2007). All parameters and their corresponding determination coefficients (R²) were computed.  
3.9.7 Data analysis tool for questionnaire 
Data collected from interviews were coded, computed and analyzed using SPSS version 1.5 
for Windows. In this study, descriptive statistics were used to describe the demographic char-
acteristics of the respondents. The frequency for all different demographic segments was 
computed together with their percentages. For variables such as tree age that consist of con-
tinuous data, minimum and maximum values were given. Cross tabulations of selected varia-
bles were produced as a precursor for conducting tests for significant internal differences be-
tween different variables among respondents and to search for links between the selected var-
iables using, where necessary, chi-square. 
 
 3.10 Research constraints and problems  
1. Lack of literature pertaining to forest entomology, combined with limited information 
about the specific species in Sudan. 
2. Costs of field survey and some experiments. Expenses were privately funded and in-
cluded rented vehicle, fuel, synthesis of groundphotoelectors, etc. 
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3. Unsafe research sites. For instance, at the Elhemera site the placement of data loggers 
and flight interception traps was cautioned. At the Acacia agricultural project site one 
of the data loggers was stolen. 
4. Difficulty protecting the flight interception traps at two study sites. This resulted in the 
reduction of caught long-horned beetles, as traps were only present for a short time-





4.1 The species spectrum of long-horned beetles  
4.1.1 Flight interception traps 
Seven species of long-horned beetles were recorded at the El Demokeya study site (Table 
4.1), and one species was recorded at the Acacia agricultural project study site (Table 4.2).  
4.1.2 The long-horned beetles from destructive sampling  
The destructive sampling study, which completed in July 2007 at the Acacia agricultural pro-
ject, indicated that all destructed tree samples showed infestation by the long-horned beetle 
species. Crossotus albicollis and Coelodon servum were the only species collected (Tab. 4.3).  
Table 4.1 Long-horned beetle catches at flight interception traps on the El Demokeya site (Acacia senegal) 
Species of Long-horned beetles Host plants according to literature 
(Sama, in preparation, personal 
communication) 
Synonyms Date of recording Lengt
h 
(mm) 
Anthracocentrus arabicus (Thomson, 
1877), Subfamily: Prioninae Latreil-
le, 1802, Tribe: Acanthophorini J. 
Thomson, 1864 (see Appendix 12) 
Tamarix articulata, Acacia radiana 
and A. scorpioides 
 
Unknown April 2008 45-81  
 
Crossotus subocellatus subocellatus 
(Fairmaire, 1886) (see Appendix 12) 
Development in dying branches and 
trunks of Fabaceae, preferably Acacia: 
A. nilotica, A. tortilis, A. raddiana, A. 
seyal, A. scorpioides, A. stenocarpa; 
Poinciana regia; 
 November and  
December 2007,  
August 2008 
14-21 
Crossotus strigifrons (Fairmaire, 
1886) Subfamily Lamiinae Latreille, 
1825, Tribe Ceroplesini J. Thomson, 
1860 (see Appendix 12) 
Acacia raddiana; A. ehrenbergiana, 
and A. seyal 





April 2008 12-18  
Doesus telephoroides Pascoe, 1862 
Subfamily: Philinae J. Thomson, 
1861. Tribe: Philini J. Thomson, 
1861. (see Appendix 12) 
(probably larvae feed underground on 
roots of trees and herbs  (Ferreira & 
Da Veiga, Ferreira, 1959) 
D. telephoroides Breun-
ing & Villiers, 1972, D. 
telephoroides Lepesme, 
1948; D. telephoroides 
Lepesme, 1952 
November 2008 16-20  
Titoceres jaspideus (Serville, 1835) 
Subfamily Lamiinae Latreille, 1825, 
Tribe Ceroplesini J. Thomson, 1860 
(see Appendix 12) 
Acacia: A. raddiana, A. seyal, Cassia 
florida (Somalia), Cassia petersiana 
and  Dichrostachys (Mozambique) 
Unknown August 2008  
September 2008  
November 2008 
13-30  
Gasponia gaurani Fairmaire, 1892 
Subfamily Lamiinae Latreille, 1825, 
Tribe Ceroplesini J. Thomson, 1860 
(see Appendix 12) 
Acacia nilotica (Da Veiga Ferreira, 
1966) 
Unknown June 2008 9-12  
Tithoes sp. Subfamily Prioninae 
Latreille, 1802, Tribe Acanthophorini 
J. Thomson, 1864 (see Appendix 12) 




Table 4.2 Catches at flight interception traps on the Acacia agricultural project site 
Species of Long-horned 
beetles 
Host plants Synonyms Date of recording Length (mm) 
Tithoes sp. Subfamily Prioni-
nae Latreille, 1802, Tribe 
Acanthophorini J. Thomson, 
1864(see Appendix 12) 
 Unknown November 2007 30-70  
 
Table 4.3 Long-horned beetles species collected using groundphotoelecter at the A.senegal - Acacia agricultural 
study site 
Species Host plants according to literature (Sama, 





Crossotus albicollis (Guérin, 1844) Subfamily Lamiinae 
Latreille, 1825, Tribe Ceroplesini J. Thomson, 1860 (see 
Appendix 12) 
Acacia senegal, A. seyal, A. sieberiana, A. 
raddiana 
August 2007 9-12  
Coelodon servum White, 1853 Subfamily Cerambycinae 







4.2 Activity density and phenological aspects of long-horned 
beetles 
Results (Fig.4.1) obtained from flight interception traps indicate that the peak activity density 
of long-horned beetles occurs during the rainy season (June–September), with a maximum 
occurrence in June and a peak occurrence in August. In June, the mean maximum temperature 
is 37.8
◦
C±32.858, while the mean minimum temperature is 26.1◦C±21.51 and the relative hu-
midity is 44%. During this month, total rainfall amounts to 44.6±21.75mm, with winds in the 
South West. In August, mean maximum temperature is 32.9
◦
C±32.85. While the mean mini-
mum temperature is 23.4
◦
C ± 21.51. The relative humidity is 69% with rainfall amounts of 
91.9±21.75mm with winds in the South West. Between January and April there were no long-
horned beetle individuals caught in the traps. During these months, rainfall amounts are ap-
proximately zero. In January, mean maximum temperature is 28.7
◦
C±32.85 while mean mini-
                                                 
8
Source: Meteorological authority-weather-climate data, El Obeid station Ministry of science and technology 
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mum temperature is 13.6 
◦
C±21.51. During January relative humidity was of 44%, with winds 
from the North East in January. In April mean maximum temperature is 39.9 
◦
C±32.85, while 
mean minimum temperature is 23.9
◦
C ± 21.51. During the month, relative humidity is 44%, 
while winds are from the North East. 
 
 
Figure 4.1 Long-horned beetles caught in flight interception traps 
4.3 Infestation percentages for the long-horned beetle 
4.3.1 A. senegal study sites 
4.3.1.1 Acacia agricultural project 
At the Acacia agricultural project study site a total of 113 Acacia trees were investigated. The 
trees had an age of 10 years (S.D ± 0.0), as a result of plantation. Percentage of infestation 
among trees varied between no infestion (0.0%) and 23.5% (Tab. 4.4).  
Table 4.4 Infestation percentages for long-horned beetles at the Acacia agricultural project site 




Tree age [years] Infestation rate [ 
%] 
1 26 4 10.0 15.4 
2 17 4 10.0 23.5 
3 22 1 10.0 4.6 
4 25 0 10.0 0.0 






4.3.1.2 Elhemera study site 
At Elhemera study site a total of 73 Acacia trees were investigated. Trees from the five plots 
were observed for long-horned beetle infestation in A. senegal trees with an average age range 
between 10 and 17 years. Infestation percentages varied between 0.0% and 20% (Tab. 4.5). 
Table 4.5 Infestation percentages for long-horned beetles at the Elhemera forest site 




Tree age [years] 
Mean ± S.D. 
Infestation rate 
[%] 
1 21 0 10 (S.D ± 4.9) 0.0 
2 10 0 17 (S.D ± 3.86) 0.0 
3 17 1 13 (S.D ± 5.75) 5.9 
4 10 2 12 (S.D ± 6.81) 20.0 
5 15 0 15 (S.D ± 0.0) 0.0 
 
4.3.1.3 El Demokeya study site 
At the El Demokeya study site a total number of 24 Acacia trees were included in the investi-
gation. The trees at the El Demokeya study site had an age of 43 years. The infestation per-
centage varied between 0.0% and 100% (Tab. 4.6). 
Table 4.6 Infestation percentages for long-horned beetles at the El Demokeya site 




Tree age [years] Infestation rate 
[%] 
1 5 0 43 0.0 
2 5 4 43 80.0 
3 7 4 43 57.1 
4 2 2 43 100.0 





                 Figure 4.2 Infested Acacia senegal log with a pupa underside outside the – El Demokeya site   
                (Source: Author; July, 2007). 
 
 
4.3.2 A. seyal study sites 
4.3.2.1 Um - Fakarin natural reserve forest  
At the Um - Fakarin natural reserve forest study site a total of 93 A. seyal trees were invest-
gated. The five plots were observed for long-horned beetle infestation of A. seyal trees. Trees 
ranged in ages between 13 and 20 years. Infestation rates of trees varied between 0.0% and 
23.08% (Tab. 4.7). 
 
Table 4.7 Infestation percentages for long-horned beetles at the Um-Fakarin natural reserve forest site  




Tree age [years] Infestation [%] 
1 11 0 19 (S.D ± 4.08) 0.0 
2 14 0 17 (S.D ± 4.90) 0.0 
3 26 6 20 (S.D ± 7.09) 23.1 
4 28 2 19 (S.D ± 5.97) 7.1 




4.3.2.2 El Simaih agricultural project  
At the El Simaih agricultural project study site a total of 46 A. seyal trees were investigated 
(Table. 4.8).  
 
Table 4.8 Infestation percentages for long-horned beetles at the El Simaih agricultural project site 




Tree age [years] Infestation rate 
[%] 
1 22 0 4 0.0 
2 24 0 4 0.0 
 
 
4.3.3 A. mellifera study sites 
4.3.3.1 Elain natural reserve forest study site 
At the Elain natural reserve forest study site a total of 88 A. mellifera trees were investigated. 
Trees from the five plots had an average age range between 7 and 9 years. Infestation rates 
varied between 5.88% and 26.67% (Tab. 4.9). 
 
Table 4.9 Infestation percentages for long-horned beetles at the Elain natural reserve forest site 




Tree age Infestation rate 
[%] 
1 20 4 9 (S.D ± 4.9) 20.0 
2 14 2 7 (S.D ± 4.05) 14.3 
3 15 4 8 (S.D ± 3.91 ) 26.7 
4 17 1 9 (S.D ± 4.9) 5.9 
5 22 2 9  (S.D ± 2.80) 9.1 
 
 
The Figure below (Fig 4.3) represented boxplots, which describe the infestation observed at 
Acacia sample plots. Due to the similarity between the shapes of boxplots a Kurskal-wallis 




Figure 4.3 Boxplots of infestation at the study sites  1: Elain,  2: Um-Fakarin, 3: El Simaih, 4: Acacia agri-
cultural project, 5: Elhemera, 6: El Demokeya 
4.4 Infestation significance between Acacia species 
4.4.1 Wilcoxon signed ranks test  
At the Elain site A. mellifera trees showed a significant difference between non-infested and 
infested trees (P=0.043) with positive ranks with a mean of (3.00). A significant difference 
was also observed at the Acacia agricultural project (P=0.043) with positive ranks with a 
mean of (3.00) between non-infested and infested trees for the A.senegal trees. At the Elhem-
era site (P=0.042) positive ranks with a mean of (3.00) was observed between non-infested 
and infested trees. Non-infested and infested trees at the El Demokeya site showed no signifi-
cant difference (P=0.498) with positive ranks with a mean of (5.00). The A. seyal trees 
showed significant differences at the Um-Fakarin site (P=0.042) with positive ranks with a 
mean of (3.00) between non-infested and infested trees. At the El Simaih site no significant 
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differences were observed between non-infested and infested trees (P=0.180) with positive 
ranks with a mean of (1.50) (P=0.180), respectively (Appendix 7 A). 
4.4.2 Kruskal-wallis test 
The results yielded from the Kruskal wallis test showed no significant difference between the 
numbers of non infested and infested trees of A. mellifera and A. seyal trees (P=0.837), A. 
mellifera, A. senegal and A. seyal (P=0.597), and no significant difference between A. senegal 
and A. seyal (P=0.594) for the samples in plots (Appendix 7 B). 
4.5 Characteristics of infested and non-infested Acacia trees 
4.5.1 Stand height curves 
The results presented below are based on the analyses of A. senegal trees at different study 
sites with respect to diameter at breast hight (DBH) and tree hight (TH). Non-infested trees 
had a mean DBH of 5.84 (S.D±2.91) and a mean TH of 2.67 (SD.±1.45). Infested trees 
reached a mean DBH of 10.99 (S.D±6.27), with a mean TH of 4.19 (S.D±2.41) (N=26) (Fig. 
4.4, Fig. 4.5 and Tab. 4.10). 
 




Figure 4.5 Correlation between tree height  and diameter at breast height for  infested A. senegal trees 
 
Table 4.10 Summary of nonlinear regression parameters for the Michailow function  
Species n a0 a1 R² 
A. senegal non infested 
trees 
183 2.364335 -12.1334 0.518 
.A senegal infested 
trees 
25 2.277636 -11.8226 0.511 




2.986213 -10.0629 0.714 
A. seyal infested trees 9 2.741911 -7.07257 0.380 





A. mellifera infested 
trees 
12 2.446577 -3.70036 0.664 
 
Function was used for non-infested and infested Acacia trees. a0 and a1 are parameters to be 
estimated by non-linear regression; The standard error of parameters is given in parenthesis; n 
= number of individual trees; R
2
 is the coefficient of determination. Results for A. mellifera 
are presented in Fig. 4.6, Fig. 4.7 and Tab. 4.10. For non-infested trees the mean DBH was 
7.51 (N=73) (S.D±4.19) while the mean TH was 7.13m (N=73) (S.D±3.62). A. mellifera in-
fested trees had a mean DBH of 10.64 (N=13) (S.D±6.05) and the mean TH was 8.40m 
(N=10) (S.D±4.41). Results for A. seyal are presented in Fig.4.8, Fig.4.9 and Tab.4.10. Non-
infested trees had a mean DBH of 9.50 (S.D±5.11) (N=129) with a mean TH of 7.30m 
(S.D±4.56) (N=127). Infested A. seyal trees had a mean DBH of 13.18 (S.D±4.81) (N=9) 





Figure 4.6 Correlation between tree height  and diameter at breast height for non-infested A. mellifera trees  
 





Figure 4.8 Correlation between tree height  and diameter at breast height for non-infested  A. seyal trees  
 
Figure 4.9 Correlation between tree height  and diameter at breast height for infested A. seyal trees  
4.5.2 The DBH and CD for non-infested and Infested Acacia trees 
A. senegal infested trees had a higher R
2 (0.668) (Fig. 4.11) with a significant positive relation 
between DBH and CD (crown diameter) at (P=0.00) in comparison to R2 (0.396) for non 
infested trees (Fig.4.10). A significant positive relation exists between DBH and CD at 
(P=0.00). An identical trend was obtained for A. seyal trees where infested trees had a higher R2 
(0.871) (Fig.4.15) with a significant positive relation between DBH and CD at (P=0.00) in 
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comparison to R2 (0.809) (Fig.4.14) of non-infested trees. A. mellifera trees presented a reverse 
result; non-infested trees had a higher R
2
 (0.371) (Fig.4.21) with a significant positive relationship 
between DBH and CD at (P=0.00) when compared to infested trees R2 (0.059) (Fig.4.13). Thus, no 
significant relationship between DBH and CD was observered at (P=0.446).   
 
Figure 4.10 CD and DBH of non-infested A. senegal trees 
 




Figure 4.12 CD and DBH of non-infested A. mellifera trees 
 




Figure 4.14 CD and DBH of non-infested A. mellifera trees 
 
Figure 4.15 CD and DBH of infested A. seyal trees 
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4.5.3 Age and DBH of A. senegal 
Both infested and non-infested A. senegal trees (Fig.4.16) exhibited a linear relationship be-
tween tree age and the DBH with R
2
 = 0.564 and 0.641 for non-infested and infested trees, 
respectively. The mean tree age of non-infested trees was 12 years (S.D ± 6) (N=184) while 
the mean DBH for the same trees species was 5.84 (S.D ± 2.9 (N=184). The mean tree age of 
infested A. senegal trees was 27 years (S.D ±16) (N=26) while the mean DBH was 10.99 years 
(S.D ±6.27) (N=26). 
 
Figure 4.16 Age and diameter at breast hight (DBH) of A. senegal infestated trees 
4.6 Tree characteristics triggering long-horned beetle infestation 
4.6.1 Logistic regression performance 
Using SPSS v. 15, a logistic regression was drawn for A. mellifera trees incorporating all in-
dependent variables recorded (tree age, DBH, crown size, crown diameter, tree height and 
tree temperature) (Tab. 4.11, Appendix 7 C). From this regression, it was observed that tree 
age was the single variable (response variable) that significantly affected the probability of 
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infestation, with tree age acting as predictor variable by 89.2 % (Fig. 4.17). All other inde-
pendent variables were excluded in the model classification table. The obtained regression 
coefficient, (B1) was positively correlated with the risk variable (tree age), indicating that as 
tree age increases the probability of the outcome, in this case infestation. Similar findings 
were found for DBH. The estimated probability of the infestation is shown in Fig (4.17)  
Table 4.11 Classification Table for A. mellifera logistic regression 
  Observed Predicted 
    IF 
Percentage 
Correct 
    
No Infesta-
tion Infestation .00 
Step 1 IF No Infestation 65 1 98.5 
    Infestation 7 1 12.5 
  Overall Percentage     89.2 
a The cut value is .500 
 Variables in the equation 
 




.222 .094 5.640 1 .018 1.249 
  Constant -4.392 1.148 14.642 1 .000 .012 
a: Variable(s) entered on step 1: Tree age. 
The classified tree age for A. mellifera showed no significance (P > 0.387) for the observed 
hit rates. Consequently, the model has no influence on the results as shown in the classifica-
tion.  
Table 4.12 Observed hit rates (Tree age classified)-A.mellifera 
 Predicted 
                                                       Observed 0 1 
 0 65 1 
 1 7 1 
 











When the logistic regression was applied for A. seyal, using the independent variables record-
ed (tree age, DBH, crown size, crown diameter, tree height and tree temperature (Appendix 7 
C1), only a single variable (response variable) significantly affected the probability of infesta-
tion; tree age represented the predictor variable at 91.7 % (Table. 4.13, Fig. 4.18). All other 
independent variables were excluded from the model classification table.  
 
Figure 4.17 Prediction of infestation of long-horned beetles for A. mellifera using tree age 
 
Table 4.13 Classification table for A. seyal logistic regression  
 
  Observed Predicted 
    IF 
Percentage 
Correct 
    
No Infesta-
tion Infestation .00 
Step 1 IF No Infestation 189 0 100.0 
    Infestation 17 0 .0 
  Overall Percentage     91.7 
a The cut value is .500 
 
Variables in the equation 
 




.093 .038 5.908 1 .015 1.097 
  Constant -3.696 .652 32.134 1 .000 .025 






Figure 4.18 Prediction of infestation of long-horned beetles for A. seyal using tree age 
Table 4.14 Observed hit rates (Tree age classified) - A . seyal 
 Predicted 
                                                Observed 0 1 
 0 189 0 
 1 17 0 
 












The observed hit rate assessment yielded no significance, indicating that the model has no 
influence on the results obtained. The same can be judged from the model curve (below the 
0.5 line) where it was obvious that the infestation was not predicted inspite of the high classi-
fication percentage. When the logistic regression was applied for A. senegal using the inde-
pendent variables recorded (tree age, DBH, crown size, crown diameter, tree height and tree 
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temperature, Appendix C2), only a single variable (response variable) had a significant effect 
on the probability of infestation with tree age as predictor variable by 91.1% (Fig. 4.19). All 
other independent variables were excluded from the model classification table. 
Table 4.15 Classification table for logistic regression results for A. senegal 
 
  Observed Predicted 
    IF 
Percentage 
Correct 
    
No Infesta-
tion Infestation .00 
Step 1 IF No Infestation 172 6 96.6 
    Infestation 12 13 52.0 
  Overall Percentage     91.1 
a  The cut value is .500 
  
Variables in the equation 
 




.102 .018 32.507 1 .000 1.107 
  Constant -3.854 .457 70.966 1 .000 .021 
a  Variable(s) entered on step 1: Tage. 
 
 




Table 4.16 Observed hit rates (Tree age classified)-A.senegal 
 Predicted 
                                             Observed 0 1 
 0 176 6 
 1 12 13 
 








Significance,  at P < 
(0.001) 
 
The classified tree age for A. senegal, showed significance (P > 0.001) for the observed hit 
rate, indicating a correct model classification.  
 
4.6.2 Stand density 
 
Table 4.17 Stand density of Acacia species 
Site Species Stand density per hectare 
Elain Acacia mellifera 176 
Um - Fakarin Acacia seyal 186 
Acacia agricultural project Acacia senegal 226 
Elhemera Acacia senegal 146 
El Demokeya Acacia senegal 48 
El Simaih Acacia seyal 230 
 
As shown in Table 4.17 A. senegal, A. seyal and A. mellifera differ in stand density and 
moreover show slight differences for site stand density with the El Simaih site exhibiting the 
highest stand density of A.seyal followed by the Um Fakarin site. Stand density for the Acacia 
agricultural project site is the highest for A.senegal, followed by Elhemera and El Demokeya 
for the same Acacia species. The A. mellifera stand density at El Ain site is lower than the A. 
seyal stand density at the Um-Fakarin and El Simaih site, and also lower than the stand densi-
ty of A. senegal at the Acacia agricultural project and Elhemera site but higher than the stand 
density of the El Demokeya site for the same species. 
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4.7 Nature and extent of damage 
4.7.1 Characteristics of infestations 
One of the most important characteristics of long-horned beetle infestations is the emergence 
hole caused by the presence of adults; consequency, direction, location, number and diameter 
of holes were observed during the field research. Accordingly, the location and direction of 
the emergence holes varied for different Acacia species.  
4.7.1.1 Direction of infestation holes on Acacia trees 
The distribution of holes presented an unbalanced infestation pattern. With respect to A. senegal, 
infestation holes existed in north, south, east and west directions of the tree trunk with a maxi-
mum of (83.3%) on the west and a minimum (18.2%) on the south side of trunks. A. seyal and A. 
mellifera infestation holes occurred on the northern side of tree trunks. For A. mellifera, the max-
imum (63.6%) infestation was found on the southern side of the trunk. A. seyal infestation holes 
were found on the eastern side of the tree trunk, at a rate of 41.7% (Fig. 4.20) (Appendix 8). 
 
 
Figure 4.20 Direction of long-horned beetle infestation holes for Acacia species 
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4.7.1.2 Location of infestation holes for Acacias 
All Acacia species (A. senegal, A. mellifera, A. seyal) exhibited holes of long-horned beetle 
infestations. However, tree species differed with respect to the distribution of the holes. The re-
sults obtained showed that A. mellifera had the maximum (46.2%) number of holes on the trunk, 
while branches were less affected (4.5%) (Fig.4.21). Conflicting results were obtained for A. sen-
egal, as most holes (95.5%) were present on branches, while the least amount (19.2%) were found 
on the tree trunk. A. seyal showed no presence of holes on the branches, as all holes were located 
on the tree trunk (34.6%) (Appendix 8). 
 
 
Figure 4.21 Location of of long-horned beetle infestation holes on Acacia species 
 
4.7.1.3 Diameter of infestation holes 
A.mellifera, A.senegal and A.seyal showed no significant difference (P=0.153) for the mean 
average diameter for long-horned beetle emergence holes. The highest mean was present on 
A.senegal (4.05±0.95) despite the variation in the range of the diameter as shown in (Fig.4.22) 




Figure 4.22 Average diameter of long-horned beetle infestation holes on Acacia species 
 
4.7.1.4 Number of infestation holes counted on Acacia species 
A. mellifera, A.senegal and A.seyal showed no significant difference (P=0.67) for the mean 
number of long-horned beetle emergence holes. A. senegal presented the highest percentage 
of number of holes (54.2%) of the total while A.seyal had the lowest percentage of number of 





Figure 4.23 Infestation holes of long-horned beetles on Acacia species 
 
4.8 Questionnaire 
4.8.1 General information 
Out of the 65 interviewed farmers, 64 were men. Concerning the age 29.2% of respondents 
ranged between 55 to 64 years: However, the elderly farmer was 65 years, the younger was 
25 years followed by 18 (27.7%) for the age range 35 to 44 years, while 10 (15.4%) of the 
respondents represented the age range from 25 to 34 years and also 10 (15.4%) mentioned the 
age more than 65 years, 6 (9.2%) was for the age range 45 to 54 years, and 2 (3.1%) was for 
the age range from 20 to 24 years. 35.4% of the total respondents were illiterate, while 20% 
of respondents had attained Khalwa and 44.6% were basic school graduates. The highest per-
centage of respondents had completed some basic school. 90.8% of the respondents were 
farmers and 9.2% were labours. The majority of farmers have gum trees, farming gum crops 
and participating in other agricultural activities.  
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4.8.2 Landownership, trees, borers 
90.8% of the respondents were gum landowners
9
, while (7.7%) were non-landowners and 
(1.5%) did not provide a response. Both groups were targeted to get information about the 
long-horned beetles since they owned A. senegal (Hashab) trees. 98.5% of the respondents 
have trees in their land holding, while 1.5% have no trees. Table 4.18 illustrates the responses 
to questions about the origins of the farm’s trees.  
Table 4.18 Tree origin 
 
 
69.2% of respondents planted trees for gum Arabic production, 18.5% used the trees as a fer-
tilizizer for their land, 1.5% used trees for both gum Arabic and land protection, while 4.6%, 
(n=3) used trees for gum Arabic, fuel wood and building, and 6.2%, (n=4) used the trees for 
gum Arabic and fighting desertification. In general, respondents mentioned the economic and 
environmental benefits of growing trees. The majority of respondents limited the purpose of 
growing trees for gum Arabic production. Some respondents mentioned other benefits in ad-
dition to gum Arabic production, such as source of seeds and animal grazing. Hashab trees 
were mentioned by 98.5% of the respondents as a tree type present on their land and 1.5% 
indicated other types of trees. Accordingly, respondents were asked about the time of tapping. 
24.6% (n=16) of the respondents mentioned that they tapp Hashab tree for the first time when 
the tree age is three (3) years, 10.8% (n=7) tapped when the tree age is three and a half years, 
while 7.7% (n=5) tapped the tree when its age reached four years. 6.2% (n=4) tapped the tree 
when the tree age is four and half years. 
                                                 
9
 Landowners means holder of land having considerable rights of ownership, non-landowner refers to having 
limited rights to ownership e.g. renters, sharing with owners. 
Trees origin
14 21.5 21.5 21.5
24 36.9 36.9 58.5












60% of the respondents did the first tapping of hashab tree during the winter, 3.1% (n=2) dur-
ing summer and 36.9 % (n= 24) did the tapping during both the winter and summer months. 
69% reported by Respondents metioned that pests are the major causes of damage to Acacia 
forests illustrated in Figure (4.24).  
 
Figure 4.24 Pests as one of the major causes of damage to Acacia forests in the area 
The effect of borers
10
 as tree killers was mentioned by 55.4% (n=38) of the respondents. 4.6% 
(n=3) mentioned that these pests affected the tree by causing a reduction in gum production, 
38.5% indicated that pests were responsible for both killing the tree and reducing the gum 
production. 49.2% of the respondents mentioned that the damage characteristics are the holes, 
while 35.4% referred to dust and powder. 38.5% of the respondents noticed borers on trunks 
and 29.2% at branches, 10.8% on exposed roots and 20% on both trunk and tree branches. 
59.4% of the respondents mentioned pest problems, 26.6% mentioned rainfall and pests as 
problems facing Acacia. With regard to the rainfall effect on borers, 4.6% of the landowners 
mentioned an increase of borers during rainfall, 71.9% mentioned a decrease and 23.4% men-
tioned that rainfall had no effect on borers. 
                                                 
10
 Borers refers to the long-horned beetles. This is allowed for an easier comparison to Arabic for respondents 
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93.0% of the total landowners provided a positive response, implying that tree plantation was 
facing a pest problem, while 7.0% of non-landowners reported a similar answer. On the other 
hand, 95.4%, of the total respondents were aware of tree borers, while only 4.6% were not 
aware of tree borers, (Fig. 4.25) and 91.9% of landowners showed knowledge of infestations, 
while 8.1 of non-land owners showed the same knowledge (Table. 4.19). 
 
















Table 4.19 Knowledge about tree borers 
 
 
65.0% of respondents stated that they noticed larvae on Acacia tree, followed by 16.7% who 
reported that they have noticed the pupae, while 18.3% observed the adult insect by 84.6% 
(Table. 4.20). 76.7% of the landowners stated that borers appeared in summer by 90.2% and 
10.0% stated the borers appeared in autumn by 100.0% and 13.3% reported the appearance of 
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The characteristic girdling of a tree by the long-horned beetles was mentioned by 94.1% with-
in the total of the landowners and moreover was also mentioned by 5.9% within the non land-
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16 44 60 
26.7% 73.3% 100.0% 
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1 4 5 
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Concerning the effect of borers in gum production 92.1% of the total land owners mentioned 
the effect while 7.9% of the total non land owners mentioned that effect as shown in Table 
(4.23). A 10-30% reduction in gum production was mentioned by 17.2% (n=10) of landown-
ers by 90.9%. 12.1%, (n=7) of landowners mentioned a reduction of 31-50% by 87.5% and 
70.7% (n=41) mentioned a 51-100% reduction by 93.2% (Appendix 10). 49.2% of the total 
respondents (Appendix 10) indicated that there has been an increase in borers in recent years, 
while 50.8% indicated no increase.  
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7.7% of the total respondents mentioned the young age classes of the tree age infested by bor-
ers, 18.5% reported that trees of a medium age were being affected, 66.2% mentioned a high 
age of trees and 7.7% mentioned both medium and high age of trees (Tab. 4.24).  
92.0% of landowners responded that borer infestations were linked to trees with a large diam-
eter while 8.0% of non-landowners mentioned the same problem (Table. 4.25). Reasons for 
long-horned beetles preference for trees with a large diameter are provided in Table. 4.26. Out 
of the total respondents, 88.6% of landowners were not aware why borers preferred trees with 
a large diameter, while 100.0%, mentioned that trees with large diameters were easier to dam-
age. Moreover 100.0% of landowners mentioned unpalatability and the hardness of trees. 
40.0% of the total respondents and 43.3% of the landowners stated the stem as the main tree 
part affected by borers (Table 4. 27). 
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Table 4.26 Reasons for infestating trees with large diameters 
Crosstab
39 12 3 6 60
65.0% 20.0% 5.0% 10.0% 100.0%
88.6% 100.0% 100.0% 100.0% 92.3%
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Table 4.27 Part of trees affected by borers 
Crosstab
17 26 7 10 60
28.3% 43.3% 11.7% 16.7% 100.0%
89.5% 100.0% 100.0% 76.9% 92.3%
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76.9% of the total respondents mentioned borer infestations in trees with large diameters 
(Fig.4. 26). 95.2% of landowners mentioned borer infestation on trees other than Hashab and 
4.8% out of the total non-landowners also mentioned this occurance (Appendix 10)  
 
Figure 4.26 Borer infestation in trees with large diameter 
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35.0% of landowners did not provide a reason for the increase in borer infestations in recent 
years by 87.5%. 18.3% referred to drought as a cause, by 100.0%, while 1.7% argued that the 





The research results presented in this dissertation are a unique addition to forest entomology 
in Sudan, as there is a lack of ecological information about long-horned beetles and limited 
scientific literature that focuses on the topic. Therefore, the species results were interpreted in 
comparison with other global long-horned beetle species. 
5.1 A Critical view of methods used to catch long-horned beetles  
Sampling insects living inside trees, especially main branches and trunks can be very prob-
lematic and always results in some form of destruction. If trees are dead and the bark is easily 
removed, insects can be readily collected and counted. However, this type of sampling de-
stroys the habitats for these insects, and if, they are endangered species, the sampling proce-
dure may make matters worse.  
Sampling techniques for insects that spend at least part of their life cycle (usually larvae and 
pupae) beneath tree bark can be arranged into several categories, including hand/eye search-
ing, trap-logging, log dissection, bark removal, emergence trapping or caging, and externally 
trapping for flying adults (Leather, 2005). Graham (2010) outlines that a variety of traps have 
been designed, specifically for catching cerambycids and other saproxylic beetles (Southwood 
and Henderson 2000). Among the most effective designs are funnel traps and cross/vane pan-
el interception traps and thus these traps are also used in this study (McIntosh et al. 2001, 
Morewood et al. 2002, Sweeney et al. 2004, Nehme et al. 2009). Interception traps are appro-
priate tools for assessing the different ecological parameters of insect species and species 
communities, for example monitoring the spectrum of indigenous or alien species, estimating 
population densities of species, as well as identifying phenological aspects and geographic 
patterns (Buse et al. 2008, Jäkel und Roth 2004, Sweeney et al. 2004). The same applies to 
ground-photoeclectors (Reddy 2007, Reddy et al. 2005). According to previous scientific lit-
erature most long-horned beetle species are caught by flight interception traps and destructive 
sampling technique (Leather 2005, Vance et al. 2003, Holland et al. 2005). 
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However, although the catch methods are well suited for the aquisition of data, the infor-
mation gathered from this procedure may be fragmented. As the study took place during years 
without severe outbreaks of long-horned beetles, it is possible that not all species that may 
affect the Acacia species were captured in the area. The same applies to the restricted number 
of study sites for flight interception traps as a result of security problems.  
The limited duration of the two-year catching period may have resulted in the absence of 
long-horned beetles species with extended life cycles of several years from the traps. As 
Beeson (1941) illustrates in India, the length of the long-horned beetle’s lifecycle widely var-
ies from two and a half months to 31 years. In many cases lifecycles must be considered a 
species specific characteristic that is merely affected by habitat type or climate (Beeson 
1941). Therefore, long-horned beetle species with an extended lifecycle may also be present 
in the Sudanese gum belt. Another critical issue of flight interception traps is that they focus 
on trapping flying adults. Due to well-developed wings, long-horned beetles are highly mo-
bile. Thus, the capture of vagrants that did not develop in host trees of this study sites cannot 
be excluded.  
5.2 The species spectrum of long-horned beetles at study sites  
 
At the study sites, seven long-horned beetle species were captured using flight interception 
traps. According to the literature, most of the species have a more or less extended distribu-
tion range. Anthracocentrus arabicus (Thomson, 1877) occurs in Saharan and Sahelian coun-
tries, from southern Morocco and Mauritania to Central Eastern Africa (Sudan, Somalia, Eri-
trea). It also occurs in the Arava Valley in southern Jordan and Israel, the Sinai Peninsula and 
the whole Arabian Peninsula from the United Emirates to Yemen (Sama & Rapuzzi, 2006). 
Crossotus strigifrons (Fairmaire, 1886) is also widespread in Saharan and Sahelian countries, 
from Mauritania and Southern Morocco to Upper Egypt and the Sinai Peninsula. It is also 
spread across the desert areas of southern Israel and Jordan and in Somalia, Eritrea, Ethiopia 
and the Arabian Peninsula (Breuning, 1942; Holzschuh & Téocchi, 1991; Sudre et al., 2007). 
Individuals of Crossotus subocellatus Fairmaire (Crossotus subocellatus subocellatus (Fair-
maire, 1886) are found in the southern part of the Arabian Peninsula, Sudan, Somalia, Ethio-
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pia, Eritrea, and Kenya. In Northern Africa, the species is only found in Egypt (common in 
South-Eastern Desert and Sinai), Libyia, Senegal, Saudia Arabia, Morroco, Chad, Mauritania, 
and Niger. Sama (personal communication) argues that Doesus telephoroides Pascoe, 1862
11
 
was recorded for the first time in Sudan. It is widely distributed throughout central provinces 
of India and Jabalpur (Gahan, 1906). In Africa, it can be found in Senegal, Cameroon (Fer-
reira & da Veiga Ferreira (1959), Bahr-Sara (Congo Français) (Lepesme, 1947), Nigeria, 
French Equatorial Africa (Ubangui-Chari), Western French Africa (French Sudan, currently 
Mali), Uganda, Sudan (Darfur), and Chad (G. Sama personal collection). Titoceres jaspideus 
(Audinet Serville, 1835) is a common species throughout Africa, extending from South Africa 
northward. The Tithoes sp., very likely T. confinis (Castelnau, 1840), has a distribution area 
that covers the entire tropical African region (probably except rain forest areas) from Mali to 
South Africa (Gilmour, 1956). It has also been found on the Arabian Peninsula (Fuchs, 1969; 
Holzschuh, 1993a) and Upper Egypt (Sama, in print). Jamal (1994) recorded the presence of 
this species, using the synonym Acanthophorus confinis Cast (Cerambycidae, Prioninae). This 
pest exerted several attacks on the branches of Acacia trees. Gasponia gaurani (Fairmaire, 
1892)
12
 was first recorded in Sudan. The two species caught using destructive sampling tech-
niques were Crossotus albicollis (Guérin, 1844) and Coelodon servum
13
. The first one is 
found in most African countries north of equator including Western Sahara, Marocco, Sene-
gal, Mali, Niger, Chad, the Central African Republic, Nigeria, Cameroon, Ghana, The Ivory 
Coast, Burkina Faso, Mauritania (Trarza, CCECL). The first recorded instance in Sudan oc-
curred during this study. Coelodon servum (White, 1853) is found in Senegal, South Africa, 
Namibia, and East Africa including Ethiopia, Somalia, Kenya, and Tanzania (Sama personal 
communication). 
The insects collected using flight interception traps in this study confirms the activity of adult 
long-horned beetles from May to December with a maximum occurrence during the rainy 
                                                 
11
 First record from Sudan 
12
 First record from Sudan 
13
 First record from Sudan 
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season. This is in contrast to the information provided by the sampled respondents in the gum 
belt that indicated that long-horned beetles are present during all seasons of the year (see Ta-
ble 4.25). Parameters about the species’ lifecycle are not recorded for the study sites and are 
also not documented in the literature and therefore this contradiction cannot be explained. For 
other species of Cerambycidae, seasonal or year-round occurrences with considerable genera-
tional overlap of generations have been documented (Beeson 1941, Speight and Wylie 2005). 
Macfadyen (2005) provides a stronger correlation (r² =0.98) between total cerambycid num-
bers and summer months, than between total cerambycid numbers and the winter months (r² = 
0.69). This agrees with the results of this study; the peak emergence of adult beetles was rec-
orded during summer months (Fig.4.1). On the other hand, Macfadyen (2005) presents a cor-
relation (r² = 0.60) between the numbers of cerambycids collected and the average minimum 
temperature. This indicates that exceptionally low winter temperatures directly affect ceram-
bycid populations and thus the adult population dies off during this period.  
The most important host plants for the majority of Israel’s long-horned beetle species have 
been identified, but in many cases the full spectrum of host plants is not well studied. Anthra-
cocentrus arabicus (Thomson, 1877) and Crossotus strigifrons (Fairmaire, 1886) develop in 
broadleaved trees or shrubs. Some of the host species are ecologically associated with various 
species of Acacia in desert areas (Sama et al. 2010). This finding agrees with the results of 
this study when the same species Anthracocentrus arabicus (Thomson, 1877) and Crossotus 
strigifrons (Fairmaire, 1886) were recorded from A. senegal study sites. Macfadyen (2005) 
also illustrates from an ecological perspective that the Acacia genus is clearly very important 
for the Cerambycidae family with the greatest abundance and diversity of cerambycid on 
Mimosaceae. Acacia caffra and Acacia karoo are normally infested by the cerambycid spe-
cies Tithoes maculates and two other species of Anthracocentrus, and Crossotus. Moreover, 
Crossotus subocellatus (Fairmaire, 1886) was recorded in Egypt by Sama and Rapuzzi (2006) 
in Acacia flava. It also attacks populations of Acacia raddiana under water stress conditions, 
whereas the C. strigifrons (Fairmaire, 1886) was recorded on Acacia ehrenbergiana. The 
Crossotus subocellatus subocellatus (Fairmaire, 1886) species infestation was recorded on 
Acacia raddiana, A. seyal and A. scorpioides. Acanthophorus confinis Cast was recorded in 
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1987 by Jamal (1994) on affected gum trees (A. seyal and A. senegal) by destroying the 
branches and trunks as noticed by Kordofan’s farmers since the 1980s onwards. 
As mentioned by Jamal 1994 the size of Acanthophorus confinis Cast (Cerambycidae) one of 
major insect pests on gum Arabic trees in Kordofan, especially at its emergence is an im-
portant factor influencing their ability to damage Acacias. May we expect the same criteria 
for the species of this study especially the Anthracocentrus arabicus (Thomson, 1877), which 
had the same subfamily classification (Prioninae) as Acanthophorus confinis Cast Moreover 
the size of the species as shown in Table 4.1 and Table 4.2 varied. It could be expected that 
the species of big size like Anthracocentrus arabicus (Thomson, 1877) of (45-81) mm fol-
lowed by Coelodon servum White, 1853 of (47-55) mm emerged more than other species as 
the A. senegal got the highest diameter of infestation holes Fig.4.22 and Appendix 8.  
5.3 Long-horned beetle infestation percentages  
In this study, long-horned beetle infestation rates varried for the Acacia trees in different sites 
(Table 4.4, 4.5 and 4.6 for A. senegal, Table 4.7 and 4.8 for A. seyal, and Table 4.9 for A. mel-
lifera). The significant difference was obtained, as shown in Appendix 7 A at Elain  site (A. 
mellifera), at the Acacia agricultural project and at the Elhemera site for A. senegal and for A. 
seyal at the Um - Fakarin site while no significant difference was obtained at the El Simaih 
site (the A. seyal) and at El Demokeya site (A. senegal). These differences are possibly caused 
by site variations in soil (see soil types at study sites in the methodology chapter) and even 
within the same soil type, such as the sandy soil type for both Elhemera and El Demokeya, 
variances in physical and chemical soil properties were recorded (Adam 2000). Moreover, 
soil requirements vary for each Acacia species for the different sites (Table 5.1). The Acacia 
species have an effect on soil property as investigated by (El-Tahir 2004). The soils under 
Acacia senegal showed the highest nitrogen content in comparison to Acacia seyal and Aca-
cia tortillis  (El Tahir et al. 2002). The percentage of P was significantly higher under the 
trees than in bare soil. Among the tree species, P was much higher under A. senegal and A. 
Tortilis. In addition investigations in a plantation of Acacia senegal on sandy soils in Kordo-
fan have recently shown that the soil was much richer in organic matter and in the major nu-
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trient elements (El-Tahir 2004). The higher N level in the soil is often attributed to the ability 
to fix atmospheric nitrogen with rihzobium in root nodules of Acacia spp. Nitrogen input lev-
els are particularly important, since many dry soils are nitrogen deficient (Fadl and Gebauer, 
2004). These findings also expect to exert the variation of infestation if we relate the type and 
amount of nutrients. May be the high infestation rate under A. senegal was due to higher N 
and P content.  
Balduf (1939) mentioned that some of hemipterous bugs include adult cerambycids in their 
prey. Diptera include several predatory or parasitic groups, which feed upon larval ceramby-
cids (Linsely 1959). Size, volume and diurnal immobility makes Acanthophorus confinis Cast 
(Cerambycidae) an easy prey for predators. It is usually controlled by birds, rodents, and, 
wild canines of the regions (Jamal 1994). The presence of Euvipio sp. (Hymenoptera: Braco-
nidae) on Hashab and Talh trees served as indicator to the presence of tunneling larva of Ac-
anthophorus confinis. These observations agree with this research survey when many of Dip-
tera, Hemiptera and Hymenopterous wasps were observed on Acacia trees. Low or high infes-
tation of Acacia trees may be controlled by these wasps as natural enemies, reducing the 
number of emerging long-horned beetles. In addition, differences in stand densities as well as 
the age of trees may have caused these significant differences. The El Simaih site demonstrat-
ed the highest stand density (Table 4.21) followed by the Acacia Agricultural Project, Um-
Fakarin, Elain, Elhemera and El Demokeya sites, respectively.  
 
Table 5.1 Soil type of Acacias 
Tree species Soil type 
Acacia senegal Grows in various soil types. Tree prefers sandy soils despite its growth in 
clay soil and grows where the rainfall is not high enough to cause cause 
water logging (NAS, 1979) 
Acacia mellifera Grows on dry hard clay soil plains forming pure stands, or in association 
with A. laeta, A. senegal, A. nubica and A. seyal, in the clay plains of cen-
tral Sudan, (Elamin, 1990). 
Acacia seyal Grows on dark cracking clays on the higher slopes of rivers and valleys, on 
the hard clay plains of central Sudan, and on clay soils of seasonally wet 
depressions. Var. seyal is widespread in grass and woodland savannah on 
dry cracking clay (Plate 1), and var. fistula is common in central and 
southeast Sudan (East of Nile) in deciduous forests on clays of seasonally 




These findings agree to a greater extent with Wainhouse (2005
14
) who mentions that different 
sites vary in plant species composition, density, and age classes. Site conditions combined 
with weather determine the rate of growth and the general vigour of the host trees. Moreover, 
he states that site condition is an important consideration for sites that contain the host materi-
al (tree species in various stages of growth) that pest species utilize for food and habitat. The 
availability of suitable preferred and alternate hosts is a primary requisite for development of 
insect populations. Therefore, the opportunity for insect populations to grow in size varies 
within different sites. 
In the same context, Schowalter and Filip (1997) mention that certain factors, including site 
quality, species composition, stand density, tree age and size, disease incidence, and other 
insect activity, affect tree growth and development. Moreover, Jha and Sen-Sarma (2008) 
state that tree growth at a suitable site is one of the most fundamental methods for reducing 
pest hazards through silvicultural practices. This important factor is overlooked by foresters, 
resulting in poor development, reduced vigour and increased tree susceptibility to insect at-
tacks. Furthermore, Speight and Wylie (2005) note that feeding by the larvae of Celosterna 
scabrator, the babul borer (Cerambycidae), results in the cessation of growth and sometimes 
the death of the plant above ground. In particular, in sites where trees grow on unsuitable 
sites, up to 80% of attack incidences have been recorded. 
Abu-Elgasim, (2002) mentioned that Acacia seyal var. seyal is characterized by various col-
ours of the bark, which range from red, blend to green. Four forest sites were selected to 
study variation in this coloration of the bark among them the Um-Fakarain natural reserve 
forest. It was found that structurally wood of the red, blend and green-bark tree were similar. 
However, they were different only in the deposition of secondary materials, which might be 
tannins, gum, and starch and calcium oxalate crystals. The green-bark trees had a great 
amount of deposits followed by the blend-barked, while the red barked ones had the least de-
posits. Moreover, the section through the bark of each coloured-bark tree showed that, the 
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bark layers varied from each other in the width of the external layer and the density of depo-
sition, the green-bark tree being superior. These differences in wood structure as well as the 
variation in bark layer expected to exert the differences in the infestation by the long-horned 
beetles as they lay eggs, feed from outer bark to the pupatation and completition of their life 
cycle inside the wood. On the other hand McAllan, (1993) mentioned that the Acacia seyal 
bark contains up to 20% tannin and yield a red dye. These findings also can be a reason for 
the difference in the percentage of infestation between Um Fakarain natural reserve and the 
El Simaih agricultural project due to pesticide effect of the chemicals in the bark by reducing 
the long-horned beetles number resulting in no infestation in some of the plots of Acacia 
seyal. As stated by McAllan (1993) that the chemicals in the bark kill the fresh water snails 
that carry the Billarzia parasite and also algae growing in ponds 
5.4 Characteristics of infested and non-infested Acacia trees 
5.4.1 Stand height curve 
This research tries to highlight some of the justification and variations in long-horned beetle 
infestation on Acacia species. In this study, the stand height curve was used to provide insight 
into the relationship between diameter at breast height (DBH) and tree height (TH) for differ-
ent Acacias and was also used to compare the stand heights curve for infested and non-
infested trees. The A. mellifera infested trees reported the highest R
2 
(0.664) of the stand 
height followed by the A. senegal with R
2 
(0.511) and the lowest R
2 
(0.380) was indicated by 
A. seyal infested trees. Based on these results, one can conclude that this finding agrees with 
Paulino Neto et al. (2005) with regards to Cerambycidae (e.g. Oncideres humeralis) Thom-
son, where the species always selected trees of a greater size and is independent of host-plant 
species. Coulson (1979), Rice (1995), and Caraglio et al. (2001) also illustrate that Oncideres 
select trunks with specific diameters. Moreover, the influence of the diameter on the infesta-
tion by Cerambycidae borers, has been studied by Coulson (1979) and accordingly the Acacia 
species were compared on the basis of the stand height curve.  
Cris (2006) mentions that the stand height curve shape can provide an indication about site 
conditions, with a steep slope denoting younger trees, a shallow curve indicating over-
maturing, and a right hand curve implying a good site. These findings are in accordance with 
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Morewood et al. (2003) who claim that long-horned beetle larval survival was inversely cor-
related with tree diameter and directly correlated to tree height. However, the authors could 
not determine which factor might be responsible, as height and diameter are highly correlated. 
In this study, the findings demonstrate the lowest number of infestation holes are obtained for 
A. seyal (Fig.4.23 and Appendix 8), corresponding to the highest mean of DBH for infested 
trees (Fig.5.5) while the reverse was true for A. mellifera with the highest number of infesta-
tion holes (Fig.4.28 and Appendix 8) corresponding to the lowest  mean of DBH of infested 
trees (Fig.5.3) Moreover, Haavik et al. (2008) explain that wood-boring insects preferentially 
attack relatively slow growing trees, suggesting that low stem growth can be a catalyst and 
not a consequence of a wood-borer infestation. Nair (2007) argues that the proximity of host 
trees in a host-dense stand, as in a plantation, is a favourable for pest builds up as it reduces 
levels of dispersal mortality and provides abundant food. 
 
5.4.2 Age and DBH for Acacia 
Speight and Wylie (2005) indicate that Strongylurus decoratus (McKeown) (Cerambycidae) 
affect trees that range in age from 4 years to more than 30 years and in height from 3 to 31 m. 
These findings are in accordance with the results of this study concerning the variation in 
Acacia tree age as shown in Tables 4.4, 4.5 and 4.6 for A. senegal; Tables 4.7 and 4.8 for A. 
seyal; and Table 4.9 for A. mellifera. Other studies mention the primary correlation between 
tree age and tree infestation. For example, Evans et al. (2004) report that three Monochamus 
species attack older trees such as pines, spruces or firs in Southern and Eastern Europe. In 
accordance with the study results, infestations in all Acacias correspond to older trees or trees 
with the highest DBH (Appendix11) in comparison to a small DBH recorded for non-infested 
trees in all of Acacias (Appendix 11).  
The results obtained from the sampled farmers indicate that long-horned beetle infestations 
occur on older trees (Table 4.28), while on the other hand, they reported that the infestation 
rate on younger trees had the highest rate of infestation at 100.0% (Appendix.11) and (Table 
4.29). These results illustrate contraverse behaviour in long-horned beetles, where both young 
and old tree ages dominate the highest percentage of infestation. This is in agreement with a 
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study by Morewood et al. (2003) that suggests that Coniferophagous species, such as Mono-
chamus scutellatus (Say) (Cerambycidae), prefer large-diameter hosts, or the largest-diameter 
portion of a given host for oviposition, which would provide the most resources for the devel-
oping progeny. In contrast, many Lamiinae species (Cerambycidae) that attack hardwoods 
prefer smaller trees (> 2Ocm) in diameter and often much less. This helps the insect minimize 
the energy they expend chewing oviposition sites through the thinner bark of younger trees. 
A. glabripennis attacks both young and old trees and is known to favour areas where the bark 
is relatively thin and smooth for oviposition on older trees. 
5.5 Nature and extent of damage 
When assessing borer damage, it is also useful to consider the host species, including host 
age, host parts (shoot, twig, branch, trunk, root), host condition, the depth of the attack, host 
tissue (bark, sapwood, heartwood), and the nature of the wood (dry, moist, firm, rotten) 
(Schabel, 2006). 
The infestation of long-horned beetles on A. senegal (Table 4.6), indicates an attraction and 
host localization similar to findings in other studies on Cerambycidae. For instance, More-
wood et al. (2003) argue that the principles of natural selection suggest that adults should 
maximize their fitness by preferential ovipositing on those hosts on which their progeny can 
reach its optimal performance. Hanks et al. (1993) illustrates that the Eucalyptus species dif-
ferentiated their attraction to adult Phoracantha semipunctata (Cerambycidae) even though 
logs were separated by only 1 m, because the adult beetles locate their hosts primarily by ol-
faction. Differences between host species with regard to attraction likely reflect variations in 
the production of volatile compounds. Furthermore, Bruce et al. (2005) mention that insects 
can locate their hosts even though the host plants are often hidden among an array of other 
plants. The authors continue: “plant volatiles play an important role in this host-location pro-
cess. Host-plant recognition depends on ratios of plant volatiles, and not just on detection of 
presence or absence of particular compounds. In an ecological context, insects must be able to 
monitor ratios and blends of volatiles and also determine whether these emanate from their 
host plant, particularly if, as appears to be the case, blends are composed of ubiquitous com-
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pounds produced by many plants in the habitat. This is a formidable task because the insect 
must recognize the correct blend, not in clean air, but against a background of physiologically 
active components that are constantly being emitted by non-host plants. In effect, the insect is 
constantly flying through a veritable aerial ‘soup’ of active components” (Bruce et al. 2005). 
Similarly, as Schowalter (2006) mentions, many wood-boring insects such as beetles are at-
tracted to sources of smoke, infrared radiation, or volatile tree chemicals emitted from burned 
or injured trees over distances of up to several kilometres. Thus, attraction to suitable hosts is 
significantly enhanced by pheromones emitted by early colonists.  
Resistance of trees to attack by wood-boring beetles may involve at least two mechanisms: 
plant defenses, such as allelochemicals and physical properties of the bark and wood, and the 
general "health" of a tree that results from an adequate supply of water and nutrients (Haack 
and Stansky 1987). Plant defenses certainly may play a role in the resistance of long-horned 
beetles on Acacia species, but no research is known on this topic 
Fierke et al. (2007) illustrate that an indirect path for increased red oak borer Enaphalodes 
rufulus (Cerambycidae) success might relate to compromised tree resistance. The tree’s abil-
ity to resist various diseases and insects fluctuates in a complex manner vis a vis tree age and 
can become compromised as trees age. Older trees on low index sites experiencing stressful 
conditions may not be able to defend themselves. This may be a factor in red oak borer sur-
vival in Ozark forests. Another reason for increased red oak borer survival may relate to in-
creased food quality. Tree age, drought, and other physiological stressors may indirectly con-
tribute to increased red oak borer population densities via tree stress. In senescing stressed 
plant tissues, nitrogen is broken down to a soluble form and mobilized away from senescing 
stressed tissues. Other variables associated with low index sites, such as increased solar insu-
lation, when coupled with environmental tree stressors, such as drought, may also increase 
fecundity or the survival of insect pests (Fierke et al. (2007). Consequently, the results of this 
study agree to some extent to the stress related concepts, as farmers substantiated claims that 
long-horned beetles were most likely to attack plants that had been compromised, that is una-
ble to defend themselves because of previous injury (Appendex 11 and Table 4.29). These 
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results agree with Jamal and Huntsinger (1993) who argue that trees are susceptible to both 
drought and pest attack, and was indicated in the farmer’s responses about the decline in gum 
production. The farmers refered to unfavourable socioeconomic relationships exacerbated by 
drought, that lead to deterioration in the agro-forestry system and gumproduction.  
5.5.1 Characteristics of infestations 
The morphological characteristics mentioned by NFT (1991) denote that the A. senegal tree 
has many branches and erect twigs spreading within the upright part. This contributes to a 
reduction in competition between larval instars and thus promotes their survival when eggs 
are laid in branches and not on the trunk, relating to the importance of the microclimates of 
the tree trunk and branches. On the other hand, the crown size of A. mellifera (Appendix 11) 
is bigger than that of A. senegal (Appendix 11) and thus the shaded area is larger for A. mel-
lifera trunks which might also result in a greater production of shaded areas that that of A. 
senegal.  
These results can be also linked to the findings by studies completed by Dajoz (1992) who 
explains that the temperature under the bark is a function of the exposure of the tree to sun-
light and the structure of the bark. At sunny sites, daily variation in temperature is much larg-
er than those recorded in sheltered locations. Under bark sheltered from sunlight, fluctuations 
in temperature are slighter than those in the ambient air. The same applies to the temperature 
inside the trunk. Thus, temperature plays an important role in the localization of insects that 
live in tree trunks. For example, the life cycle of the Cerambycid Monochamus scutellatus is 
limited to one year in trunks exposed to sunlight and to three years in shaded trunks. Moreo-
ver the subcortical and sapwood temperatures in trees and logs exposed to sunlight can be 
several degrees (5-30º) greater than shaded portions (Graham, 1925; Savely, 1939; Wallace, 
1953). Warmer temperatures experienced on the sunny versus the shaded side of logs can 
cause a 1-to 2-years difference in development time for phloem-feeding cerambycid portions 
(Graham, 1925; Hosking, 1977). 
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Dajoz (1992) emphasizes the importance that wind has for the dispersal of certain insects. For 
example, in the Alps larch bud moth adults migrate distances of more than 100 km. These 
migrations explain the synchronism of infestations in various localities within the arc formed 
by the Alps which are influenced by the wind. High winds have an inhibiting effect on insect 
activity. Wind may play an important part by blowing trees down, a major attraction for xy-
lophagous insects. Schowalter (2006) states that the distance travelled by wind-dispersed in-
sects depends on several factors, including flow rate and insect size or mass. The probability 
that at least some insects will arrive at the suitable resources depends on the number of dis-
persing insects and the predictability of wind movement in the direction of new resources. 
Results from this study (see 4.6.1.1 for direction of holes of infestation on Acacias and Ap-
pendix 8) demonstrates that highest number of emergence holes were located on the southside 
of the tree (63.6%) for A. mellifera and the highest number for A. senegal (83.3%) was found 
on the west side. This could also be related to wind direction. The meteorological authority in 
2007 reports that in the months of June and August the wind direction is south by west, corre-
sponding to the peak of flight activity of the long-horned beetles (Fig.4.10). Furthermore, this 
corresponds to the highest wind speed during these months (Ardö 2007).  
The higher occurrence of infestations in the branches of A. senegal, when compared to the 
trunk (see 4.6.1.2 for location of infestation holes of Acacias and Appendix 8) can be linked 
to the findings of other studies, focusing on the microhabitat preferences of long-horned bee-
tles for oviposition. According to Morewood et al. (2003), coniferophagous species such as 
Monochamus scutellatus (Say, 1824) prefer larger-diameter hosts or the largest-diameter por-
tion of a given host for oviposition because it provides the most important resources for prog-
eny development. In this context, Nair (2007) illustrates another problem; the proportion of 
surviving larvae of Cerambycid borers such as Hoplocerambyx spinicornis (Newman, 1842) 
on Shorea robusta (sal tree), depend on the health of the tree and the density of the larvae. A. 
senegal is a deciduous shrub, reaching 15 m tall, usually branched from the ground. Branches 
fork repeatedly and mature trees commonly form a rounded, flat-topped crown. This well-
branched morphological characteristic contributes to the reduction of competition between 
larval instars and thus promotes their survival if eggs are laid in branches and not on the 
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trunk. Microclimate of tree trunks and branches is a very important factor for the forest mi-
croclimate. Similarly, Morewood et al. (2003) argue that the upper trunk and major branches, 
where the bark is relatively thin and smooth, are reportedly favoured by Anoplophora gla-
bripennis (Coleoptera: Cerambycidae). This is in accordance with Paulino Neto et al. (2005) 
who report that Oncidere humeralis (Cerambycidae) females prefer Miconia sellowiana with 
more secondary branches, indicating that, apart from the trunk diameter, the number of sec-
ondary branches can also influence the plant choice. The secondary branches are the females' 
oviposition sites and are the entrance door for the first instars larvae to reach the intra-
xylematic phloem located in the centre of the trunk. In this study, the results on the distribu-
tion of holes in tree trunk revealed the prevailance of holes in the trunk of A. mellifera, a 
shrub that is sheltered, about 1-9 m high, predominantly branched from the base, with a 
smooth bark. Temperature plays an important role in the location of insects that live in tree 
trunks. Heat- loving larvae of Buprestid beetles, genus Chrysobothris, mostly settle on the 
upper part of trunks exposed to sunlight, whereas Cerambycids, genus Rhagium and species 
Pyrochroa (Pyrochroidae), seek shady areas on the sides or underside of fallen trunks. Opti-
mum growth rates for the cerambycid Hylotrupes bajulus occurs when the humidity of the 
wood is around 35%, and whereas Ergates faber occurs at 60%. Larval development of many 
xylophagous insects such as Cerambycid ceases when wood humidity drops below 20%. The 
life cycle of the Cerambycid Monochamus scutellatus lasts one year in trunks exposed to sun-
light, and three years in shaded trunks.  
5.6 Farmers’ Knowledge about long-horned beetles 
Generally, there is very little information about tree farmers’ knowledge of pests, their man-
agement practices, and decision-making processes. Farmers have the advantage over scien-
tists as they often have a life-long experience with growing their crops. This experience has 
been built up through regular observations and exchanges of information through formal and 
informal actor networks. As plantation forestry is developed and promoted, there is a need to 
integrate indigenous knowledge about pest identification and management techniques into the 
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development processes in order to improve tree farmers’ pest management practices (Nyeko 
et al. 2007). 
Jamal (1994) reports that farmers were not aware of insect problems before the drought dur-
ing the 1980s. The study of insect pests in the Northern Kordofan savannah was disassociated 
with the socio-economic and environmental settings of the farmers/communities who are liv-
ing in the gum Arabic belt. 
The lowest infestation percentage discovered for the borers, 9.7%, was evident during au-
tumn. This was also evident in the farmers’ response (70.8%) that rainfall increased the num-
ber of borers. Thus, farmers stated that a recent increase in borers may be attributed to in-
creasing rates of rainfall. This is in accordance with Nair (2007) who argues that high rainfall 
amounts favour the development of the Cerambycid borer population Hoplocerambyx spini-
cornis on Shorea robusta (sal tree). 
Sandy soil was present at both the El Demokeya reserve forest (A. senegal) and Elhemera 
forest (A. senegal) sites, where infestations were noted. This is evident in the farmer´s re-
sponse that borers mostly affect A. senegal that grows in sandy soils. Speight and Wylie 
(2005) also conclude that the mortality associated with attack of Eucalyptus plantations by 
Phoracantha semipunctata (Cerambycidae) was highest for trees planted in soils that had a 
high sand content. The largest infestation rates, 100%, occurred in the El Demokeya reserve 
forest, which also had the highest tree age of 43 years. This result was consistent with the 
results obtained from farmers (66.6 %) who responded that borers prefer older trees (Table 
4.28). 
Most gum production occurs in the 'gum belt' in Central and Western Sudan, in sandy (goz) 
soils under water-scarce 'desert" conditions. In these areas, small farmers cultivate A. senegal 
in scattered gum gardens or as part of a 15 to 25 years 'bush-fallow' rotation with other crops. 
Thus, A. senegal serves a variety of valuable economic and ecological functions in addition to 
gum production. There are also large-scale private and public gum Arabic plantations in the 
Eastern Provinces (Barbier, 1992). Gum Arabic provides farmers with important sources of 
income during the dry season harvest period, at times when income from other agricultural 
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crops is low. Therefore, gum production provides a means for farmers to diversify their live-
lihoods and to alleviate the risk of subsistence crises (Rahim, 2006). In addition to drought, 
gum production is affected by several factors including, among others, the socio-economic 
conditions of the gum farmers, government policy (e.g. pricing, credits, and marketing poli-
cies), environment under which gum production takes place and the supply and demand fac-
tors associated with the international market. 
Jamal (1987) classifies a commercially viable gum-producing plot a ‘garden’. Kordofan’s 
gum gardens may extend from 5 to 200 Acacias. The smallest size for a garden is estimated to 
be 22 man-ropes or canes square. A man-rope, or cane, is widely used in most of rural Africa 
and roughly represents about 0.17 ha. The results of this study showed that 93.8% of respond-
ents were gum garden owners. Gum gardens planted with A. senegal var. senegal are the only 
variety that is being cultivated for gum production in the Sudan, as well as in some other Sa-
helian countries. It is incorporated in the famous agro-forestry system known as the bush-
fallow system of shifting cultivation described by El Din (1981). This system ensures the op-
timum and sustainable utilization of natural resources, as both gum production and crop culti-
vation form productive components of the system. Additionally, animals are able to graze 
under the gum trees during the dry season without harming the trees. When the trees are felled 
to allow cultivation, the wood is used for fuel, building materials and for building fences 
around farm plots.  
The natural tree origin of Acacia senegal identified by respondents agrees with the conclu-
sions of Ballal (2002) who mentions that most of the existing stand species of A. senegal are 
natural. Furthermore, NAS (1980) reported that much of the gum is largely collected from A. 
senegal plants growing wild and unattended. 
El Din and Obeid (1971) claim that undisturbed natural stands are gradually disappearing due 
to environmental concerns such as grass fires and insect pests. Other factors such as soil type, 
quantity and distribution of rainfall tend to affect seed germination and consequently the natu-
ral regeneration of the species. This behaviour is also evident in the responses provided by the 
interviewees. Furthermore, these findings coincide with Adam (2000) who reports that most 
of the collection of gum Arabic is from natural stands and that the yield from these stands is 
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low because of the effect of many factors, namely rainfall, grass fires and insect pests, in ad-
dition to soil type. Gillott (2005) also states that rain probably exerts its influence on most 
insect populations indirectly, notably by affecting the availability and quality of food or the 
incidence of disease. 
The responses of farmers in the study area (Appendix 10) coincide with the findings by 
Schowalter and Filip (1997). The authors report that healthy trees typically limit insect and 
pathogen activity through physical and chemical defences. Although adapted insects and 
pathogens can exploit healthy trees, their presence usually increases on unhealthy trees with 
impaired defences. 
Matthews (1989) mentions that an individual stand in a forest may suffer damage from certain 
characteristic groups or species of insect pests at different times and stages of its growth. This 
may agree with the results in Appendix 12 regarding time of borers appearance and is also 
illustrated in the results in Table 4.24, that depicts that respondents identified that the branch, 
stem, and both branch and stem, were all infested with long-horned beetles. This is substanti-
ated by the results presented in Appendix 9, where infestation holes were present in both 
branches and trunk. 
Respondents also identified the borer damage characteristics. Landowners most frequently 
noticed dust, powder and holes.  
Respondents attributed the increase in the number of borers present in recent years to drought, 
low-level of tree competition, and an increase in rainfall. Farmer´s responses (Table 4.27) are 
consistent with many investigators. Lieutier et.al. (2004) state that the indirect effect of 
drought stress changes the chemical and physical nature of the tree, thus making it more at-
tractive and, after colonization, more susceptible to Cerambycid wood boring beetle attacks. 
Speight and Wylie (2005) depict that numerous studies have shown that drought is one of the 
main factors predisposing trees to attack by Phoracantha semipunctata.  Caldeira et al. (2002) 
argue that drought contributes to an increase in borers by indicating that in their study, the 
mortality of Phoracantha semipunctata (F.) (Cerambycidae) in Eucalyptus globulus (Labill.) 
was lower in water-stressed trees than in control and irrigated trees.  Larval mortality seemed 
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to be related to bark moisture content, as neonate larvae boring through bark cannot survive in 
an environment saturated with water and the higher concentration of soluble sugars in the 
bark of water stressed trees could explain the higher weight gained by larvae growing in these 
trees. This is consistent with Schowalter and Filip (1997), who argue that water deficits can 
affect a broad range of physiological processes, many of which have been associated with tree 
resistance to insect and pathogen colonization and bark beetles, and often show greater colo-
nization success and survival rates in moisture stressed trees, within the same context. Hanks 
et al. (1999) claim that phloem-boring larvae may be especially vulnerable to moisture condi-
tions because they are embedded in the tissues of their host plant, and sensitivity to bark 
moisture could account for the association between drought stress and host susceptibility 
which is typical of many phloem-boring insects, especially Cerambycid beetles. Moreover 
Haavik et al. (2008) mention that drought is often cited as a contributing factor in the reduc-
tion of tree growth rates prior to oak decline. Investigators hypothesize that drought plays a 
significant role in oak decline and Enaphalodes rufulus outbreak in these forests. In the same 
context, Thatcher (1961) reveals that the greatest damage to Megacyllene robiniae (Forst.) 
(Coleoptera: Cerambycidae), a wood-boring beetle attacking living trees, coincides with 
drought conditions, as drought enables a larger number of larvae to survive.  Furthermore, 
attacks are most serious on trees under 6 inches in diameter, as breakage due to structural 
weakening of narrower stems is proportionally greater. However, dry periods may allow the 
larvae to successfully and severely attack larger trunks to such a degree that branches and 
even good-sized trunks may have their ornamental value destroyed or the tree even may be 
killed by excessive breakage during windstorms. In this study, respondents mentioned that 
October is the optimum time for tapping each year. This is in accordance with Ballal (2002) 
who remarks that tapping is carried out after the rain or when the growth stops and the leaves 
become yellowish in colour and begin to shed. This generally happens in October or early 
November before the cold season. Late tapping, after the cold season is over, is done when 
the rainy season is too long and results in continual growth. This reflects Jamal’s findings 
(1994) that the Acacia trees are tapped at the onset of the dry and cold winter season in early 




6. Limitations and further study  
6.1 Limitations of the study 
Research in Sudan is problematic because of limited resources for conducting studies. Forest 
entomology has had very limited attention despite the contribution of forests to the Sudanese 
economy. This study about the ecological characteristics of long-horned beetles in the gum 
Arabic belt, Kordofan region faced many of difficulties. The nature of the pre-survey and sur-
vey required a continuous motivation and access to the selected study sites. Conducting the 
questionnaire at four village sites was a large expense.  
The limitations of the present work are obvious. The lack of literature about the long-horned 
beetles in Sudan with regards to many aspects, for example taxonomically, biologically, etc.  
In spite of the above-mentioned limitations, the study has gathered primary and first-hand 
data that can pave the way for more extensive investigations to draw conclusions about the 
relationships between the Acacia species in forests and insects, which are considered pests. 
The results of this study can be and are used to throw some light on the position of forest in-
sect pests and pest control in the process of forest management. 
6.2 Further study 
 
The term ‘gum Arabic belt’ is used to denote a 520,000 km2 zone that extends across central 
Sudan between latitudes 10° and 14°N, accounting for one-fifth of the country's total area. 
Kordofan and Darfur states in the Sudan are the biggest producers and exporters of the best 
Arabic gum qualities. The Kordofan states are so famous for the production of the gum, 
which it is often referred to as Kordofan gum. Only the Western Kordofan state in Sudan was 
investigated in this study. A follow-up project studying the insects associated with all Acacia 
tree species, or at least the most important ones, is needed. There is still a great amount of 
investigation needed; the data presented here are a good start. This study provides room for 
extensive investigations to follow, including damage assessment of long-horned beetles on 
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Appendix 1 - Sudan; overview 
Sudan is totaling an area of 2,505,813 km
2
. It lies in North-East Africa broadening the Red 
Sea, surrounded by nine countries. Rainfall ranges from none in the hot arid north, to more 
than 1,500 millimeters in the wet tropics of mixed deciduous forests. According to the Ju-
ly/2005 census, Sudan has a population of about 40 millions (UNMIS, 2007). 
 
Population in the study area 
The total population of the Kordofan region is approximately 3.8 million, of which 24% are 
nomadic, 63% sedentary rural and 13% urban
 
(IFAD, 2004). The total population of North 
Kordofan State is 2,353,460 of which 76% are rural (Department of Statistics, 2007). The 
population is ethnically diverse, including Arab and non-Arab tribes in the northern part. The 
main Arab tribes are Shanabla, Bedaria, Gowama and Shwaihat. The non-Arab tribes are 
dominated by Falata and Barno. The Nuba tribes, to some extent mixed with Arabs, are 
found in the South). The distribution of population per one square km ranges from 2 to 48 
persons in the northern and southern regions of the state, respectively (Ministry of Agricul-
ture, 2007). 
Current state of forests  
Forests are subdivided according to their origin into two categories: natural forests subset of 
forests composed of tree species known to be indigenous to the area and plantation forests 
refer to forests established artificially by afforestation on lands, which previously did not car-
ry forest within living memory, or forests established artificially by reforestation on land, 
which carried forest before and involving the replacement of the indigenous species by a new 
and essentially different species or genetic variety. Other wooded land includes the following 
two categories: 
1. Forest fallow: refers to all woody vegetation deriving from the clearing of natural forest 
for shifting agriculture and  
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2. Shrubs refer to vegetation types where the dominant woody elements are at maturity under 
7.6 m in height ( Salih, 2000). 
FRA 2010. Categories and defintion of forest ownership and management rights 
Public ownership: Forest owned by the State; or administrative units of the public admin-
istration; or by institutions or corporations owned by the public administration.  
Private ownership: Forest owned by individuals, families, communities, private co-
operatives, corporations and other business entities, private religious and educational institu-
tions, pension or investment funds, NGOs, nature conservation associations and other private 
institutions.  
Private business entities and institutions (sub-category of Private ownership): Forest owned 
by private corporations, co-operatives, companies and other business entities, as well as pri-
vate non-profit organizations such as NGOs, nature conservation associations, and private 
religious and educational institutions, etc.  
Local communities (sub-category of Private ownership): Forest owned by a group of indi-
viduals belonging to the same community residing within or in the vicinity of a forest area. 
The community members are co-owners that share exclusive rights and duties, and benefits 
contribute to the community development.  
 
Appendix 2 




       Average humidity Acacia Agricultural Project and  Elhemera sites. (Source: The author, rainy season 2007. 
 
      















Figure 3.10 Mean maximum temperature [C˚], mean minimum temperature [C˚], relative humidity [%] and 
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Date, location and crew of the pre-survey 
Date Location Pre-Survey Crew 
24.06.2007 Elhemera 2 Scientists +Village Sheikh +Author himself 
24.06.2007 El Demokeya 2scientists+village sheikh+Author himself 
25.06.2007 Acacia Company-Nawa site 2Scientists+Village Sheikh+ Author himself 
25.06.2007 Acacia company-Sheikan site 2scientists+village Sheikh +Author himself 
 
Appendix 4 
Date, forest site, Acacia type and crew of the survey. 
Date (Forest site) Acacia type Survey crew 
30.07.2007 Elain  Reserve Forest Acacia mellifera +Acacia 
.seyal 
Four Scientiststs +Author 
himself 
30.07.2007 Elain  Reserve Forest A. mellifera Four Scientists+Author himself 
70.07.2007 Um- Fakreen Forest A.seyal Four Scientists+Author himself 
17.07.2007 Acacia company-Nawa 
site 
Acacia.senegal Four Scientists+Author himself 
02.07.2007 Acacia company-Nawa 
site 
A.senegal Four scientists+Author himself 
24.07.2007 Acacia company-Nawa 
site 
A.senegal Four scientists+Author himself 
31.07.2007 Elhemera Forest A.senegal Four scientists+Author himself 
05.08.2007 El Demokya Reserve 
Forest 
A.senegal Four Scientists+Author himself 
08.08.2007 Acacia company A.senegal Four Scientists+Author himself 





Survey form (Individual tree field form) 
   1. Survey   form No.       2. Date                 3.Location     4.Forest area    5.Sample No  
   6. Total No. of trees     7. Tree spacing  8.No. of infested trees 
Tree Species/Family/ Common Name  
Tree Age  
Tree No.  
DBH (cm)  
Crown Size  
Height at Base of Infestation (cm)  
Height at Top of Infestation  
Length of Infestation  
Holes Present Yes:                 No: 
Holes location Trunk (     ): Branch (     ) Exposed Root (     ) 
No. Of Holes/ Each Trunk (   ): Branch (   ) Exposed Root (   ) 
Location of Holes in Trunk North (      ): East (     ) South (     ) West (     ) 
Hole Diameter cm/mm 
Distance Between Holes in Stem 
Average=Total Distance/No. holes 
cm 
Sawdust Present Yes:                  No: 
Sawdust Location  Around the base of Tree 
 Where Branches Meet the Main Stem 
 Cracks in the Bark 
 Ovipositon Sites Where Larvae are Feeding 
Do Exit Holes Ooze Sap Yes:                 No: 
Number of Infested Branches/ tree  
Borer Stage Egg:(      ) Larva: (      ) Pupa: (      ) Adult:(  ) 
Other Insects and Natural Enemies Other than 
Borers 
 
Tree General Observation  











Appendix 6.  
Code sheet for the data variables for Excel and SPSS  
Variable Description           Codes/Values      Name 
1.  Infestation    1= Infested   IF 
                                                      0= Non-Infested 
2.  Tree Age   Numeric                                 TA 
3.  Diameter at Breast Height Numeric                               DBH 
4.  Crown size   Numeric                CZ 
5.  Crown Diameter      Numeric                               CD 
6.  Crown Area   Numeric               CZ-new 
7.  Tree Neight   Numeric               TH 
8.  No. of Holes   Numeric                H. No 
9.  Presence of Holes                1= Yes                HP 
      0=No      
10.  Hole Location   5= Trunk                  HL 
      6= Branch 
 
Continue code sheet for the data variables for Excel and SPSS 
11.  Hole Diameter                Numeric                  HD 
12.  Hole Distance   Numeric                  HS 
13.  Tree Temperature                 Numeric                  TT 
14.  Site    1= Elain                                       SI 
                                                                                               2=Um- Fakarin 
                    3= El Simaih  
                                                                     4= Acacai Agricultural project 
                 5=Elhemera 
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                6=El Demokeya  
15.  Species                            1=Acacia mellifera                     Sp  
               2=Acacia seyal  
               3=Acacia senegal 
16.  Direction of Hole                                                                  DI 
                                                                                         1=North 
               2=East 
               3= South 
               4= West 
 
Appendix 7. Questionnaire 
1. Date  2. Questionnaire No 3. Locality 4. AU 5. Village name 6. Popula-
tion 
General information  
1. Gender: 
                male                              Female  
 
2. Age: 
           20-24                        25-34                         35-44  
 
           45-54                       55-64                        > 65  
 
3. Main occupation: 




              trader               Other (specify)             
 
4. Level of education: 
         illiterate                khalwa             Basic school  
 
5. Are you a land owner? 
               yes                                             no  
 
6. What is the size of your land in Mukhamas? 
                small                       medium                              large            
 
7. What is the soil type? 
              sandy                                     gardud  
 
8. Do you have tree on your land holding? 
               yes                                             no  
 
9. Trees: 
             natural                 cultivated                                    both   
 
10. What type of tree you have? 
            Hashab                          Other (specify)  
 
11. Why do you plant trees? 
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      gum Arabic          crop protection                    other (specify                 
 
12. Do you have extension message concern the cultivation of trees? 
                  yes                                               no  
13. If yes what is the extension message type? 
 grow and 
produce 
seedling   
                   tapping of gum 
 
 
        pest control                  
 
Tree protection           miscellanous                        
 
14. What are the problems facing trees plantation? 





       unavailability of seedling                       financial problems              
 
15. Number of trees in the farm approximately/mukhamas 
                1-50                     50-100                                  50-150  
 
16. Are you a gum garden owner? 
                 yes                                             no  
17. What is Hashab area in Mukhamas? 
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18. Which type of Hashab stands do you have and what is the method of establishment? 










19. When do you tap Hashab tree for the first time? 
20. When do you usually tap your Hashab stands each year (under normal natural condi-
tions?) 
 Optimum Early Late 












after 15 April 
 




 duration of rainfall  Availability of enough 







temperature    
    spread of serious pests  
and hazards      
                                                      
    external factors                    
 
 




22. Has the number of trees changed in your land holding? 
                  yes                                             no  
 
23. If yes or no, what are the reasons? 
24. What do you do with old Hashab trees? 
         felled       not felled                           i do not know               
 
25. If you are willing to grow (establish and rehabitate) Hashab stands, which requirements 
do you need? 
     pest control                   extra land                                        labour                  
 
                credit          seeds   other (specify              
 
26. What was your gum production of the last season?  
a. gum produced was …………………. Pounds in 2006. 
b. gum produced was …………………. Pounds in 2005. 
c. gum produced was …………………. Pounds in 2004. 
 
27. What are the problems facing Hashab tree? 
             rainfall                    pests                              other  
 




29. List insects that you consider as problems? 
a.……………b.…………c.…………… 
30. Do you know tree borers? 
a. yes ……………. b. no ………… 
31. How does borer affect the tree? 
kill the tree  reduce gum Arabic 
production 
              other (specify          
 
32. Do you think that borers affect trees other than Hashab? 
                  yes                                               no  
 
33. If yes, list the trees: 
a …………….b……………. c.…………… 
34. What borer’s stage did you notice? 
larvae           pupae                          adult insect           
 
35. What time of the year did the borers appear? 
           winter                   summer                        autumn  
 
36. What is the effect of rainfall on the abundance of borers? 
a) Reduce borers          b) increase borers          c) no effects 
37. What are the damage characteristics? 




38. What is the part of the tree affected by borers? 
             branch                       stem             Exposed roots  
 
             other      
 
39. Where do you notice the dust if present? 
. around the 
base of tree 
 where branches 
meet the main stem 
 cracks in the bark  
 
oviposition sites 
 where larvae 
are feeding 
                   
 
40. Where do you notice the holes if present? 
           trunk                       branch               Exposed roots  
 
41. Do you notice the girdling? 
                yes                                             no  
 
42. Are there any insects present with the borers in the tree? Give names 
43. Do you think that borers mostly affect Hashab which grown in: 
     sandy soil           gardud soil                          or both  
 
44. Do you think that borers reduce gum production? 
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                  yes                                             no  
 
45. If yes give an average %age of reduction…10-30%; 31-50%; 51-  
  100%………………………………………… 
46. Is the borer increased in recent years? 
                  yes                                             no  
47. If yes or no why? 
48. What is the age of the tree   which infested by borers?  
  small age tree    medium age tree              big age tree                  
 
49. Do you think that borers infest big tree diameter? 
                  yes                                            no  
50. If yes or no why? ………………………………………………………… 
51. What are in your opinion the major causes of damage to forests in the area? 
      pest 
incidence      
   human activities                      climatic                   
 
other      
 
52. What is your perception of trees? 
a. gum Arabic production  b. source of fuel wood only  c. other 
 
53 Have you seen borer’s infestation on other trees?     











Wilcoxon signed ranks test 7 A 
Ranks 
Site Species N Mean Rank Sum of Ranks 




 .00 .00 
Positive Ranks 5
b
 3.00 15.00 
Ties 0
c
   
Total 5   




 .00 .00 
Positive Ranks 5
b
 3.00 15.00 
Ties 0
c
   
Total 5   




 .00 .00 
Positive Ranks 2
b
 1.50 3.00 
Ties 0
c
   
Total 2   




 .00 .00 
Positive Ranks 5
b
 3.00 15.00 
Ties 0
c
   
Total 5   




 .00 .00 
Positive Ranks 5
b
 3.00 15.00 
Ties 0
c
   
Total 5   




 2.50 10.00 
Positive Ranks 1
b
 5.00 5.00 
Ties 0
c
   
Total 5   
a. Not infested < Infested trees 




Site Species N Mean Rank Sum of Ranks 




 .00 .00 
Positive Ranks 5
b
 3.00 15.00 
Ties 0
c
   
Total 5   




 .00 .00 
Positive Ranks 5
b
 3.00 15.00 
Ties 0
c
   
Total 5   




 .00 .00 
Positive Ranks 2
b
 1.50 3.00 
Ties 0
c
   
Total 2   




 .00 .00 
Positive Ranks 5
b
 3.00 15.00 
Ties 0
c
   
Total 5   




 .00 .00 
Positive Ranks 5
b
 3.00 15.00 
Ties 0
c
   
Total 5   




 2.50 10.00 
Positive Ranks 1
b
 5.00 5.00 
Ties 0
c
   
Total 5   
a. Not infested < Infested trees 
b. Not infested > Infested trees 








Not infested - 
Infested trees 
dimension0 
1 1 Z -2.023
a
 
Asymp. Sig. (2-tailed) .043 
2 2 Z -2.032
a
 
Asymp. Sig. (2-tailed) .042 
3 2 Z -1.342
a
 
Asymp. Sig. (2-tailed) .180 
4 3 Z -2.023
a
 
Asymp. Sig. (2-tailed) .043 
5 3 Z -2.032
a
 
Asymp. Sig. (2-tailed) .042 
6 3 Z -.677
b
 
Asymp. Sig. (2-tailed) .498 
a. Based on negative ranks. 
b. Based on positive ranks. 
c. Wilcoxon Signed Ranks Test 





 Species N Mean Rank 
Number of trees Acacia mellifera 10 12.85 
Acacia seyal 14 12.25 





 Number of trees 
Chi-square .042 
df 1 
Asymp. Sig. .837 
a. Kruskal Wallis Test 
b. Grouping Variable: Species 
 
Ranks 
 Species N Mean Rank 
Number of trees Acacia mellifera 10 31.15 
Acacia seyal 14 28.75 
Acacia senegal 30 25.70 





 Number of trees 
Chi-square 1.031 
df 2 
Asymp. Sig. .597 
a. Kruskal Wallis Test 





Species N Mean Rank 
Number of trees Acacia seyal 14 24.00 
Acacia senegal 30 21.80 










 Number of trees 
Chi-square .284 
df 1 
Asymp. Sig. .594 
a. Kruskal Wallis Test 
























Appendix 7 C 
A. mellifera logistic regression variables 
















1 21 9 15.63 191.95 9 29.7 
0 20 10.3 15.15 180.33 10 29 
0 16 7 13.96 153.15 11 30.8 
0 16 8.6 12.77 128.18 7.1 29 
0 15 19.4 15 176.81 14 32.5 
0 15 4.8 10.68 89.54 7 25.5 
0 15 6.7 13 132.7 7 27 
0 15 4.5 11.59 105.56 6 29.6 
1 15 26.5 15.06 178.19 . 37.8 
1 15 13.2 15.56 190.13 . 36 
1 15 12 11.76 108.57 13 41.1 
0 13 5.2 8.49 56.55 6.7 29.5 
0 13 10 7.42 43.2 13 29 
0 13 9 13.8 149.54 17 28 
1 13 7.3 18.4 265.78 8.6 33.3 
0 12 16 14.71 170.02 13 . 
0 12 12.2 17.84 249.88 14 25 
0 12 12.9 14.3 160.54 7.4 35.8 
0 12 14.9 13.2 136.82 8 37.5 
0 12 7.9 10.5 86.58 7 27 
0 12 12 10.44 85.64 12 29 
1 12 3.5 8.99 63.49 7.4 . 
1 12 17.5 13.18 136.35 12 23.6 
0 11 12.5 13.68 147.03 7 20.7 
0 10 9 13.51 143.26 7 37 







A. mellifera logistic regression variables 
0 10 9.5 16.06 202.63 9 36.5 
0 10 15 12.6 124.69 7.2 19 
0 10 12 17.7 245.99 7.1 18 
0 10 5.9 15 176.71 6.8 33.3 
0 10 4.8 7.8 47.75 4 32.5 
0 10 7 17.16 231.22 5.5 29 
0 10 6.6 11.3 100.22 6 29 
0 10 5.8 11.2 98.49 5.2 26.1 
1 10 8 15.9 198.55 16.5 34 
1 10 10 16.89 224.12 6 19 
1 10 10 12.1 114.98 . 20.1 
1 10 3.4 10.89 93.12 4 30.1 
0 9 12 18.09 257.11 7.8 21.7 
0 9 10 12.5 122.71 6 22.2 
0 8 7.3 8.94 62.83 6.2 34.1 
0 8 9.2 14.2 158.34 14 38.2 
0 8 11 11.14 97.39 15.3 . 
0 8 25 14.97 175.93 12 34.6 
0 8 10 14.59 167.13 8 32.6 
0 8 6.3 14.6 167.38 10 36.7 
0 8 8 13.99 153.66 6 31.6 
0 8 13 14.37 162.11 . 37 
0 8 8 15.52 189.12 6.8 21.5 
0 8 6.5 11.68 107.07 7.2 35 
0 8 5.3 10.49 86.39 7.2 33 
0 8 4 14.18 157.87 6 32.5 
1 8 8 . . 2 36.71 
1 8 10 9.1 65.03 5.5 23.2 
0 7 5.8 9.86 76.34 9 . 
0 7 7 14.62 167.95 8 22.5 
0 7 . 9.1 64.97 7 30.6 
0 7 4.8 12.64 125.54 3.5 28.6 
0 6 4.3 6.78 36.07 5.5 34.7 
0 6 6.5 11.7 107.44 7.1 29.2 
0 6 4.3 10.35 84.16 3.9 35 
0 6 4.3 9.9 77 3.9 35 
0 6 6.5 10.9 93.31 6.1 32.6 
0 6 7.5 14.99 176.59 9 34 
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0 6 7 12.17 116.4 7 33 
0 6 6.8 . . 3.9 34 
0 6 7 14.15 157.24 6 17.3 
0 6 6.5 7 38.45 5.4 22.1 
0 6 2.5 7.1 39.58 2.6 32.7 
0 6 3.2 9.49 70.69 5 29.7 
0 5 6 15.8 196.04 5.7 30 
0 5 6 13.42 141.37 7.3 34 
0 5 . 7.09 39.52 2.5 31.5 
0 5 3 7.8 47.75 1.5 28.7 
0 5 3 7.8 47.75 5 28 
0 4 3 6.93 37.7 3 31 
0 4 4.6 9.59 72.26 4.7 36.7 
0 4 4 8.9 62.2 3.1 21.1 
0 4 3.5 6.57 33.93 4 22.2 
0 4 3.3 7.53 44.58 2 33.3 
0 4 2.1 7.48 43.98 4.5 27.7 
0 3 5.1 12.6 124.66 6 33 
0 3 1.9 4.1 13.19 2 39.2 
0 2 9.6 11.14 97.39 14.3 30.1 
0 2 2 4.7 17.34 . 30 
0 2 5 6.57 33.93 1.5 . 
0 2 2 5.3 22.05 3 27.7 
0 2 4.9 10 78.54 3.5 29 
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0 27 20.00 13.80 149.54 15.00 24.20 
0 27 13.30 12.77 128.18 10.00 23.50 
1 27 20.00 15.26 182.90 15.00 23.50 
0 25 16.00 23.14 420.66 12.00 24.00 
0 25 18.00 22.03 381.33 14.00 23.30 
0 25 19.90 16.14 204.58 11.50 24.30 
0 25 17.50 15.46 187.74 11.50 23.60 
0 25 17.00 16.37 210.36 15.00 23.90 
0 25 16.00 15.70 193.65 15.00 22.50 
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0 25 10.00 13.88 151.39 14.00 23.50 
0 23 18.00 16.89 224.12 12.50 26.00 
0 23 15.50 14.90 174.30 15.00 24.00 
0 22 23.00 22.80 408.16 12.00 31.00 
0 22 20.50 21.70 369.83 12.00 30.00 
1 21 9.00 15.63 191.95 9.00 29.70 
0 20 10.30 15.15 180.33 10.00 29.00 
0 20 14.00 16.78 221.17 9.00 38.00 
0 20 15.50 15.73 194.40 7.10 33.00 
0 20 18.00 18.62 272.38 9.00 28.00 
0 20 18.00 12.19 116.77 10.00 29.50 
0 20 13.00 15.09 178.88 9.00 31.61 
0 20 21.50 24.09 455.97 10.00 25.00 
0 20 13.80 13.79 149.45 7.50 27.30 
0 20 11.30 16.86 223.18 9.00 28.10 
0 20 14.50 8.65 58.81 12.00 28.10 
0 20 10.50 9.93 77.41 11.00 28.10 
0 20 9.70 10.28 82.94 9.00 26.20 
0 20 13.00 16.38 210.74 13.00 27.50 
0 20 21.00 17.26 233.99 12.00 26.10 
0 20 12.30 15.14 179.92 10.00 26.00 
0 20 15.10 19.16 288.40 11.00 25.00 
0 20 15.20 14.14 157.14 11.00 24.30 
0 20 7.90 8.49 56.67 6.00 26.20 
0 20 9.00 9.34 68.58 6.00 25.50 
0 20 14.00 12.80 128.65 10.50 26.60 
0 20 11.50 9.22 66.73 10.00 26.10 
0 20 14.00 11.43 102.54 12.00 25.70 
0 20 13.00 11.60 105.65 13.00 21.10 
0 20 9.00 11.14 97.45 8.50 27.10 
0 20 12.00 11.86 110.55 9.00 28.00 
0 20 9.00 9.78 75.15 8.00 27.00 
0 20 8.00 15.88 3.14 13.00 27.50 
0 20 11.00 12.09 114.89 14.00 22.80 
0 20 14.00 16.89 224.12 15.00 24.20 
0 20 12.50 10.10 80.05 14.00 24.30 
0 20 14.00 15.26 182.90 14.00 24.20 
0 20 12.00 12.39 120.64 13.00 23.60 
0 20 15.00 15.88 198.17 14.00 23.60 
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1 20 14.00 13.39 140.90 11.00 25.00 
1 20 17.00 15.60 191.10 9.00 25.70 
1 20 19.50 17.59 243.00 10.50 25.30 
1 20 8.00 8.08 51.27 5.00 27.20 
1 20 10.50 8.00 50.23 7.00 26.70 
1 20 13.20 13.96 153.06 12.00 27.70 
0 18 15.00 15.32 184.44 8.00 29.00 
0 18 10.50 13.60 145.24 6.00 25.00 
0 18 8.50 9.90 76.97 6.00 25.50 
0 17 14.00 13.30 138.86 9.00 26.01 
0 17 15.00 15.28 183.47 . 28.00 
0 17 12.00 7.82 48.07 15.00 22.50 
0 17 11.20 10.64 88.97 9.00 24.60 
0 17 12.50 10.88 92.93 2.50 24.00 
0 17 13.00 9.35 68.61 6.00 24.00 
0 16 7.00 13.96 153.15 11.00 30.80 
0 16 8.60 12.77 128.18 7.10 29.00 
0 16 11.00 14.79 171.91 7.00 24.70 
0 16 14.00 13.56 144.48 11.00 26.50 
0 15 19.40 15.00 176.81 14.00 32.50 
0 15 4.80 10.68 89.54 7.00 25.50 
0 15 6.70 13.00 132.70 7.00 27.00 
0 15 4.50 11.59 105.56 6.00 29.60 
1 15 26.50 15.06 178.19 . 37.80 
1 15 13.20 15.56 190.13 . 36.00 
1 15 12.00 11.76 108.57 13.00 41.10 
0 15 10.50 8.89 62.02 7.50 28.00 
0 15 6.50 10.89 93.12 8.50 28.10 
0 15 13.00 14.82 172.47 7.50 26.00 
0 15 8.00 11.96 112.31 7.50 23.20 
0 15 11.00 7.99 50.14 10.00 23.20 
0 15 12.00 14.17 157.77 10.00 . 
0 15 10.50 11.05 95.82 13.00 . 
0 15 11.50 8.65 58.75 13.00 23.00 
0 15 10.00 6.28 30.98 14.00 23.10 
0 15 10.00 7.69 46.50 16.00 22.50 
0 15 11.00 11.00 95.00 13.00 22.50 
0 15 9.90 11.19 98.27 11.00 22.20 
0 15 8.20 11.09 96.57 8.00 25.70 
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0 15 11.20 11.59 105.56 8.00 25.00 
0 15 11.20 10.20 81.68 2.50 24.20 
0 15 11.00 13.15 135.84 9.50 24.50 
0 15 6.60 8.05 50.89 8.00 23.70 
0 15 8.00 8.20 52.78 2.50 27.30 
1 15 7.50 7.27 41.47 8.00 24.10 
0 14 9.00 12.94 131.54 8.00 26.01 
0 13 5.20 8.49 56.55 6.70 29.50 
0 13 10.00 7.42 43.20 13.00 29.00 
0 13 9.00 13.80 149.54 17.00 28.00 
1 13 7.30 18.40 265.78 8.60 33.30 
0 13 8.50 12.77 128.18 7.00 24.10 
0 12 16.00 14.71 170.02 13.00 . 
0 12 12.20 17.84 249.88 14.00 25.00 
0 12 12.90 14.30 160.54 7.40 35.80 
0 12 14.90 13.20 136.82 8.00 37.50 
0 12 7.90 10.50 86.58 7.00 27.00 
0 12 12.00 10.44 85.64 12.00 29.00 
1 12 3.50 8.99 63.49 7.40 . 
1 12 17.50 13.18 136.35 12.00 23.60 
0 12 9.90 8.80 60.79 12.00 23.20 
0 12 7.60 13.47 142.50 10.00 22.30 
0 12 8.60 9.59 72.26 6.50 23.60 
1 12 9.00 5.94 27.68 12.00 23.50 
0 11 12.50 13.68 147.03 7.00 20.70 
0 10 9.00 13.51 143.26 7.00 37.00 
0 10 10.50 13.82 149.98 17.00 30.00 
0 10 9.50 16.06 202.63 9.00 36.50 
0 10 15.00 12.60 124.69 7.20 19.00 
0 10 12.00 17.70 245.99 7.10 18.00 
0 10 5.90 15.00 176.71 6.80 33.30 
0 10 4.80 7.80 47.75 4.00 32.50 
0 10 7.00 17.16 231.22 5.50 29.00 
0 10 6.60 11.30 100.22 6.00 29.00 
0 10 5.80 11.20 98.49 5.20 26.10 
1 10 8.00 15.90 198.55 16.50 34.00 
1 10 10.00 16.89 224.12 6.00 19.00 
1 10 10.00 12.10 114.98 . 20.10 
1 10 3.40 10.89 93.12 4.00 30.10 
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0 10 9.50 6.22 30.41 7.00 37.00 
0 10 6.50 6.80 36.29 5.00 28.00 
0 9 12.00 18.09 257.11 7.80 21.70 
0 9 10.00 12.50 122.71 6.00 22.20 
0 8 7.30 8.94 62.83 6.20 34.10 
0 8 9.20 14.20 158.34 14.00 38.20 
0 8 11.00 11.14 97.39 15.30 . 
0 8 25.00 14.97 175.93 12.00 34.60 
0 8 10.00 14.59 167.13 8.00 32.60 
0 8 6.30 14.60 167.38 10.00 36.70 
0 8 8.00 13.99 153.66 6.00 31.60 
0 8 13.00 14.37 162.11 . 37.00 
0 8 8.00 15.52 189.12 6.80 21.50 
0 8 6.50 11.68 107.07 7.20 35.00 
0 8 5.30 10.49 86.39 7.20 33.00 
0 8 4.00 14.18 157.87 6.00 32.50 
1 8 8.00 . . 2.00 36.71 
1 8 10.00 9.10 65.03 5.50 23.20 
0 7 5.80 9.86 76.34 9.00 . 
0 7 7.00 14.62 167.95 8.00 22.50 
0 7 . 9.10 64.97 7.00 30.60 
0 7 4.80 12.64 125.54 3.50 28.60 
0 7 5.50 5.50 23.75 5.00 22.60 
0 6 4.30 6.78 36.07 5.50 34.70 
0 6 6.50 11.70 107.44 7.10 29.20 
0 6 4.30 10.35 84.16 3.90 35.00 
0 6 4.30 9.90 77.00 3.90 35.00 
0 6 6.50 10.90 93.31 6.10 32.60 
0 6 7.50 14.99 176.59 9.00 34.00 
0 6 7.00 12.17 116.40 7.00 33.00 
0 6 6.80 . . 3.90 34.00 
0 6 7.00 14.15 157.24 6.00 17.30 
0 6 6.50 7.00 38.45 5.40 22.10 
0 6 2.50 7.10 39.58 2.60 32.70 
0 6 3.20 9.49 70.69 5.00 29.70 
0 5 6.00 15.80 196.04 5.70 30.00 
0 5 6.00 13.42 141.37 7.30 34.00 
0 5 . 7.09 39.52 2.50 31.50 
0 5 3.00 7.80 47.75 1.50 28.70 
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0 5 3.00 7.80 47.75 5.00 28.00 
0 5 10.30 9.89 76.78 9.00 24.10 
0 4 3.00 6.93 37.70 3.00 31.00 
0 4 4.60 9.59 72.26 4.70 36.70 
0 4 4.00 8.90 62.20 3.10 21.10 
0 4 3.50 6.57 33.93 4.00 22.20 
0 4 3.30 7.53 44.58 2.00 33.30 
0 4 2.10 7.48 43.98 4.50 27.70 
0 4 3.50 5.37 22.62 2.20 27.70 
0 4 3.20 3.49 9.58 2.00 30.10 
0 4 3.50 3.90 11.94 2.00 24.80 
0 4 3.40 4.29 14.45 1.80 23.70 
0 4 3.30 3.71 10.84 2.10 24.80 
0 4 3.80 3.10 7.54 2.10 23.50 
0 4 4.10 4.40 15.17 2.10 24.50 
0 4 2.40 3.79 11.31 1.70 23.70 
0 4 3.00 2.61 5.34 1.30 26.60 
0 4 3.10 3.50 9.61 1.90 24.80 
0 4 2.40 2.70 5.72 1.50 24.20 
0 4 3.10 5.00 19.60 2.40 24.50 
0 4 3.40 4.10 13.19 1.70 25.50 
0 4 3.10 4.09 13.13 . 23.10 
0 4 3.90 4.07 13.01 2.20 23.20 
0 4 2.80 4.10 13.19 1.70 23.20 
0 4 3.30 4.47 15.71 1.90 22.10 
0 4 4.70 5.08 20.23 2.60 25.70 
0 4 5.30 5.00 19.60 3.40 23.50 
0 4 4.50 4.40 15.17 3.40 23.60 
0 4 4.60 4.56 16.34 2.10 21.60 
0 4 3.40 6.20 30.16 2.30 21.50 
0 4 4.10 5.00 19.60 3.30 24.00 
0 4 4.40 5.48 23.56 2.50 23.60 
0 4 1.90 3.79 11.31 1.15 24.00 
0 4 5.20 5.09 20.36 3.00 26.00 
0 4 3.00 4.37 15.02 3.00 23.00 
0 4 4.10 4.43 15.39 2.10 22.60 
0 4 4.00 4.47 15.71 1.70 24.00 
0 4 5.20 4.20 13.82 2.20 24.50 
0 4 4.10 4.28 14.42 1.90 24.50 
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0 4 4.50 4.36 14.92 3.10 24.50 
0 4 5.70 5.48 23.56 3.50 25.00 
0 4 4.20 5.30 22.05 2.00 24.10 
0 4 6.50 5.80 26.39 2.20 23.00 
0 4 4.50 4.30 14.51 1.80 24.00 
0 4 2.30 4.29 14.45 2.00 23.70 
0 4 4.30 4.87 18.66 1.70 23.70 
0 4 4.30 4.20 13.82 1.70 23.60 
0 4 5.50 5.14 20.73 1.70 23.00 
0 4 5.40 . . 3.20 23.20 
0 4 4.70 4.10 13.19 3.00 23.00 
0 4 3.20 3.38 8.95 1.80 22.70 
0 4 6.60 . . 3.50 24.70 
0 4 6.70 5.88 27.14 2.50 24.80 
0 3 5.10 12.60 124.66 6.00 33.00 
0 3 1.90 4.10 13.19 2.00 39.20 
0 2 9.60 11.14 97.39 14.30 30.10 
0 2 2.00 4.70 17.34 . 30.00 
0 2 5.00 6.57 33.93 1.50 . 
0 2 2.00 5.30 22.05 3.00 27.70 
0 2 4.90 10.00 78.54 3.50 29.00 
 
Appendix C2 
















1 43 24.6 12 113.1 5.5 28.2 
1 43 21 16.36 210.11 9.7 26.5 
1 43 19.3 11.38 101.79 7.5 34 
1 43 18.3 13.7 147.34 6 32 
1 43 18 15.58 190.63 7.7 29.5 
0 43 16.3 12.27 118.19 6.2 22.6 
1 43 16.3 11.69 107.35 5.9 32 
0 43 16.2 9.38 69.12 5.4 30.2 
1 43 15.5 10.53 87.12 5.7 26.5 
1 43 14.9 8.05 50.89 2.8 30.6 
0 43 14 9.39 69.27 5.3 31 
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1 43 13 12.29 118.63 4.8 33.2 
0 43 12.7 5.6 24.6 3.9 32 
1 43 12.59 10.39 84.82 7.3 28.8 
0 43 12.3 8.5 56.74 5.4 29.6 
1 43 11.3 8.8 60.79 7 27.7 
1 43 11.2 11.17 98.02 5.4 26 
0 43 11 9.7 73.89 4.2 35.1 
1 43 8.9 7.85 48.38 3.7 30.6 
1 25 13 13.11 135.09 5.8 30.7 
0 25 12.5 9.67 73.39 5.6 30 
0 25 9.8 8.35 54.76 5.5 32.3 
0 25 8.5 9.8 75.4 5 33.1 
0 23 16 9.63 72.88 6.2 27.5 
0 23 15.3 10.1 80.05 6.1 28.1 
0 23 10.1 10.94 94 5.5 28 
0 23 9.9 10.68 89.54 6.8 26.6 
0 23 9.8 11.22 98.96 7 26.6 
0 21 7.3 14.49 164.93 3.2 42.6 
0 20 13.9 12.5 122.71 7.5 29.2 
0 20 10.1 5.44 23.25 5 31.7 
0 20 10 7.69 46.5 3.3 23.1 
0 20 9.3 9.8 75.4 3 29.3 
0 20 8.5 13.8 149.54 3.3 29 
0 20 7.2 8.69 59.25 3.6 26.7 
0 18 9.8 8.85 61.58 4.5 28 
0 18 9 8.5 56.74 3.2 32.5 
0 18 9 8.1 51.52 4.5 31.2 
0 18 8.1 5.8 26.39 2.3 35 
0 18 7 8.1 51.52 3.5 24 
0 18 5.2 6.1 29.22 3 32 
0 17 9.7 10.81 91.86 4.5 30.5 
0 17 7.5 8.25 53.47 4.5 29.2 
0 17 6.2 7.14 40.09 4.4 28.1 
0 15 11.8 8.49 56.55 4.7 32 
0 15 11 10.17 81.21 2.5 31 
0 15 9.2 8.37 54.98 3.5 30.5 
0 15 8.2 5.97 27.99 3.9 33.2 
0 15 8 7.67 46.18 3.5 30.5 
0 15 7.8 9.14 65.66 3.5 31.5 
0 15 7.8 6.29 31.1 2.2 31 
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0 15 7.4 5.4 22.87 2.3 31 
0 15 7.2 8.08 51.27 3.5 28 
0 15 7 6.49 33.11 2.5 38 
0 15 7 9.84 76.03 5.8 32 
0 15 6.8 7.3 41.85 3.5 29.6 
0 15 6.5 10.7 89.85 2.5 33.8 
0 15 6.5 9.1 64.97 3.5 30.5 
0 15 6.2 9.88 76.72 4 34 
0 15 6 9.09 64.84 3.5 28.5 
0 15 5.9 8.76 60.32 2 30.5 
0 15 5.5 7.08 39.4 3.5 32.1 
0 15 5.5 7.71 46.65 5.1 34 
0 14 6 7.09 39.52 4 33.5 
0 12 6 5.8 26.39 3.5 35 
1 10 15 7.09 39.52 2 28.38 
0 10 10.8 6.39 32.04 1.8 22.2 
0 10 9.2 7.88 48.73 3.9 27.7 
1 10 8.2 9.41 69.55 3 37 
0 10 8.1 5.66 25.13 4.3 33.1 
0 10 8.1 10.49 86.39 6 34.6 
0 10 8 8.9 62.2 3 26.2 
0 10 7.2 9.06 64.47 3 32.6 
0 10 7 8.05 50.89 4.5 30.7 
0 10 6.2 6.9 37.38 1.8 25 
0 10 6.1 5.5 23.75 1.6 24.5 
0 10 6.1 5.48 23.56 1.7 26.1 
0 10 6.1 4.82 18.22 1.9 28.3 
0 10 6 4.27 14.33 1.7 29.7 
0 10 6 6.7 35.25 2 25.7 
0 10 6 8.1 51.52 1.9 23.2 
0 10 6 8.31 54.29 3 33.3 
0 10 5.9 4.2 13.82 1.7 23.6 
0 10 5.8 5.59 24.5 2 24.1 
0 10 5.8 6.69 35.19 3 34.1 
0 10 5.7 5.99 28.15 1.7 27.1 
0 10 5.7 6.66 34.87 2 25 
0 10 5.6 6.59 34.09 2.2 26 
0 10 5.5 8.39 55.29 2.7 25.6 
0 10 5.5 6.8 36.29 2.5 28.37 
0 10 5.5 6.09 29.15 2.5 24 
134 
 
0 10 5.5 6.79 36.19 1.3 23.7 
0 10 5.4 7.8 47.75 2.5 22.3 
1 10 5.3 4.2 13.82 1.7 28.34 
0 10 5.2 6.99 38.36 2.7 20.1 
0 10 5.2 5.8 26.39 1.3 24.2 
0 10 5.2 6.2 30.19 . 23.1 
0 10 5.1 7.64 45.87 2.5 21.5 
0 10 5.1 4.5 15.9 1.7 24 
0 10 5 3.09 7.51 3 28.43 
0 10 5 3.99 12.53 1.8 27.3 
0 10 5 5.63 24.88 1.75 24 
1 10 5 . . 1.9 29.5 
1 10 5 7.9 49.01 2.4 20.7 
1 10 5 5.29 21.99 2.2 26.7 
0 10 4.9 7.3 41.85 1.9 31.3 
0 10 4.9 6.6 34.18 1.9 24.1 
0 10 4.8 5.49 23.69 2 21.5 
0 10 4.7 5.77 26.14 1.9 28.42 
0 10 4.6 6.08 29.03 1.7 24.2 
0 10 4.6 7.08 39.4 2.5 28 
0 10 4.6 4.73 17.59 1.6 25.6 
0 10 4.5 5.29 21.99 2 21.5 
0 10 4.5 5.63 24.88 1.9 25.7 
0 10 4.4 5.8 26.39 2 28.31 
0 10 4.4 3.87 11.75 1.7 27 
0 10 4.4 6.49 33.11 2.5 24.2 
0 10 4.4 4.76 17.81 1.6 25 
0 10 4.3 7.19 40.59 2.3 21.8 
0 10 4.3 2 3.14 1.9 28.3 
0 10 4.3 3.3 8.55 1.6 30 
0 10 4.3 6 28.27 1.7 25.1 
0 10 4.3 6.7 35.25 1.7 23.2 
0 10 4.3 6.86 37.01 2 27.2 
1 10 4.3 5.18 21.11 1.5 24.3 
0 10 4.2 9.4 69.43 3 19.8 
0 10 4.2 5.14 20.73 1.6 28.39 
0 10 4.2 6.29 31.1 2 26.5 
1 10 4.2 5.39 22.81 2.1 21.5 
0 10 4.1 6.39 32.04 2 21.5 
0 10 4.1 9.1 65.03 2.7 22.1 
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0 10 4.1 6.2 30.16 0 24.5 
0 10 4.1 4.1 13.19 1.6 28.32 
0 10 4.1 6.2 30.16 1.6 24.2 
0 10 4.1 6.89 37.32 1.8 27.5 
1 10 4.1 6.17 29.91 2.2 20 
0 10 4 4.52 16.02 1.2 26.6 
0 10 4 4.98 19.48 1.6 28.4 
0 10 4 6.1 29.22 1.7 28.41 
0 10 4 3.17 7.92 1.5 23.6 
0 10 4 4.7 17.34 2.1 27.5 
0 10 4 4.73 17.59 1.5 . 
1 10 4 8.02 50.58 2 20 
1 10 4 6.39 32.04 1.8 28.33 
1 10 4 4.1 13.19 1.5 28.36 
0 10 3.9 4.1 13.19 1.5 28.45 
0 10 3.9 3.9 11.94 1.6 25.5 
0 10 3.9 4.96 19.35 1.6 28.8 
0 10 3.9 3.79 11.31 1.9 22.2 
0 10 3.8 4.65 16.96 2.2 21.6 
0 10 3.8 7.28 41.66 2.5 20.1 
0 10 3.8 7.69 46.5 2.7 27.1 
0 10 3.8 5.18 21.11 1.7 24 
0 10 3.7 2.7 5.72 1 32.5 
0 10 3.7 4.96 19.35 1.9 25 
0 10 3.6 4.78 17.97 2.2 . 
0 10 3.5 6.4 32.14 2 20 
0 10 3.3 7.6 45.33 2.3 20.3 
0 10 3.3 4.1 13.19 1.6 26.1 
0 10 3.3 3.3 8.55 1.6 27.7 
0 10 3.3 4.38 15.08 2.2 25.5 
0 10 3.2 3 7.07 1.3 25 
0 10 3.2 4.4 15.17 1.7 28.44 
0 10 3.2 3.79 11.31 1.5 23.2 
0 10 3.2 4.73 17.59 1.6 23.5 
0 10 3.2 3.3 8.55 1.6 23.6 
0 10 3.2 4 12.57 1.7 23.7 
0 10 3.2 3.79 11.31 1.1 24 
0 10 3.2 4.29 14.45 1.2 26 
0 10 3.1 4.8 18.1 1.8 28.35 
0 10 3.1 4.73 17.59 1.6 21.8 
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0 10 3 6.4 32.17 1.5 19.7 
0 10 3 6.19 30.07 1.7 28.46 
0 10 3 5.49 23.69 1.4 26.5 
0 10 3 3.7 10.74 1.3 26 
0 10 3 4.87 18.66 1.4 27.5 
0 10 3 6.8 36.32 . 23.5 
0 10 3 4.8 18.06 1.3 23 
0 10 2.9 5.48 23.56 1.5 26.2 
0 10 2.9 4.09 13.13 1.6 24 
0 10 2.3 2.45 4.71 1.3 24.1 
0 10 2.2 4.98 19.51 1.6 26 
0 10 2.2 3.1 7.54 1 24 
0 10 2 3.09 7.48 1 23.6 
0 10 2 2.68 5.65 1 24.9 
0 10 1.7 2 3.14 1.5 21.5 
0 10 1.1 2.48 4.84 9 22.2 
0 10 1 7.7 46.56 2 20.1 
0 10 1 6.1 29.22 2.5 20.1 
0 9 9 9.8 75.4 4.7 33.6 
0 9 7.7 5.06 20.11 2 32.5 
0 9 7 7.48 43.98 2.2 33.5 
0 8 7 7.46 43.73 2 30.1 
0 8 6.6 4.04 12.82 2 30.7 
0 8 6.3 8.09 51.46 3 35.5 
0 8 6.3 6.07 28.9 2 33.1 
0 8 6 6.94 37.82 3.5 27.7 
0 8 6 8.69 59.25 1.8 32.6 
0 8 5.5 7.1 39.58 1.8 31.5 
0 8 5.4 7.13 39.93 2.1 32 
0 8 3.9 4.69 17.25 1.9 28.1 
0 7 8.2 7.4 42.98 4.2 29.5 
0 7 5 4.98 19.48 . 34.5 
0 7 4.9 7.48 43.98 . 35.6 
0 7 4.4 7.94 49.48 1.9 28.1 
0 7 3.7 7.19 40.59 2.2 25.6 
0 5 6 4.1 13.19 3.5 25.6 
0 5 4.9 7.4 43.01 1.9 23.1 




Appendix 8.  
Acacias infestation-plot 






















1 88 13 8,8 2 21 14,77% 5 5 100% 
2 139 9 18,2 5 27 6,47% 7 3 43% 
3 191 13 11,6 5 25 6,81% 11 6 55% 
3 19 13 43 43 43 68,42% 4 4 100% 
 437 48    10,98% 27   
 
Acacias Direction, Location, Number and Average of Holes  
 






El Ain 2 Acacia mellifera South 8 Trunk 3.33 
El Ain 3 Acacia mellifera South 2 Trunk 4.00 
El Ain 2 Acacia mellifera South 7 Trunk 1.00 
El Ain 3 Acacia mellifera South 4 Trunk 3.00 
El Ain 3 Acacia mellifera East 10 Trunk 3.00 
El Ain 1 Acacia mellifera South 2 Trunk 4.00 
El Ain 3 Acacia mellifera South 2 Trunk 0.50 
El Ain 4 Acacia mellifera West 2 Trunk 3.00 
El Ain 1 Acacia mellifera East 3 Trunk 4.00 
El Ain 1 Acacia mellifera None 2 Trunk 1.00 
El Ain 1 Acacia mellifera South 2 Trunk 0.50 
El Ain 5 Acacia mellifera None 2 Branch 3.33 
El Ain 5 Acacia mellifera None 2 Trunk 7.66 
Um Fakarin 4 Acacia seyal West 2 Trunk 0.50 
Um Fakarin 5 Acacia esyal South 5 Trunk  
Um Fakarin 3 Acacia esyal East 6 Trunk 0.50 
Um Fakarin 3 Acacia esyal East 2 Trunk 3.00 
Um Fakarin 3 Acacia esyal East 2 Trunk 3.00 
Um Fakarin 3 Acacia esyal East 2 Trunk  
Um Fakarin 3 Acacia esyal East 2 Trunk 3.00 
Um Fakarin 3 Acacia esyal None 2 Trunk 4.00 
Um Fakarin 4 Acacia esyal South 2 Trunk 3.50 
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El Demokeya 2 Acacia senegal East 2 Branch 4.00 
El Demokeya 2 Acacia senegal North 4 Branch 4.00 
El Demokeya 2 Acacia senegal North 3 Branch 4.00 
El Demokeya 2 Acacia senegal North 15 Branch 4.00 
El Demokeya 3 Acacia senegal North 2 Branch 4.00 
El Demokeya 3 Acacia senegal East 2 Branch 4.00 
El Demokeya 3 Acacia senegal South 2 Branch 4.00 
El Demokeya 3 Acacia senegal North 2 Branch 4.00 
El Demokeya 4 Acacia senegal West 2 Branch 5.00 
El Demokeya 4 Acacia senegal West 2 Trunk 4.00 
El Demokeya 5 Acacia senegal North 9 Trunk 4.00 
El Demokeya 5 Acacia senegal West 3 Trunk 6.00 
El Demokeya 5 Acacia senegal East 2 Trunk 6.00 
Acacia Agricultural Project 1 Acacia senegal West 2 Branch 6.00 
Acacia Agricultural Project 1 Acacia senegal West 2 Branch  
Acacia Agricultural Project 1 Acacia senegal West 4 Branch  
Acacia Agricultural Project 1 Acacia senegal West 8 Branch  
Acacia Agricultural Project 2 Acacia senegal West 2 Branch  
Acacia Agricultural Project 2 Acacia senegal West 2 Branch 3.00 
Acacia Agricultural Project 2 Acacia senegal North 3 Branch 3.00 
Acacia Agricultural Project 2 Acacia senegal North 4 Branch 3.00 
Acacia Agricultural Project 3 Acacia senegal West 2 Branch 3.00 
Acacia Agricultural Project 5 Acacia senegal East 6 Branch 4.00 
El Himara 4 Acacia senegal East 2 Branch 4.00 
El Himara 4 Acacia senegal South 2 Branch 3.00 
El Himara 3 Acacia senegal None 2 Trunk 3.00 
 
AcaciaslLocation of holes 




Total Branch Trunk 
Species Acacia mellifera 1 12 13 
Acacia senegal 21 5 26 
Acacia seyal 0 9 9 
Total 22 26 48 
 





Total Branch Trunk 
Species Acacia mellifera Count 1 12 13 
% within Species 7.7% 92.3% 100.0% 
% within Hole location 4.5% 46.2% 27.1% 
% of Total 2.1% 25.0% 27.1% 
Acacia senegal Count 21 5 26 
% within Species 80.8% 19.2% 100.0% 
% within Hole location 95.5% 19.2% 54.2% 
% of Total 43.8% 10.4% 54.2% 
Acacia seyal Count 0 9 9 
% within Species .0% 100.0% 100.0% 
% within Hole location .0% 34.6% 18.8% 
% of Total .0% 18.8% 18.8% 
Total Count 22 26 48 
% within Species 45.8% 54.2% 100.0% 
% within Hole location 100.0% 100.0% 100.0% 
% of Total 45.8% 54.2% 100.0% 
Species * Direction of holes Crosstabulation 
Count 
 
Direction of holes 
Total   East North South West 
Species Acacia mellifera  2 0 7 1 10 
Acacia senegal  5 8 2 10 25 
Acacia seyal  5 0 2 1 8 
Total  12 8 11 12 43 
 
 
Average infestation holes diameter on Acacia species 
Species Mean N Std. Deviation 
Acacia mellifera 2.9477 13 1.94503 
Acacia senegal 4.0455 22 .95005 
Acacia seyal 2.5000 7 1.41421 







Species * Direction of holes Crosstabulation 
 
Direction of holes 
Total   East North South West 
Species Acacia mellif-
era 
Count 3 2 0 7 1 13 
% within Species 23.1% 15.4% .0% 53.8% 7.7% 100.0% 
% within Direction of 
holes 
60.0% 16.7% .0% 63.6% 8.3% 27.1% 
% of Total 6.3% 4.2% .0% 14.6% 2.1% 27.1% 
Acacia senegal Count 1 5 8 2 10 26 
% within Species 3.8% 19.2% 30.8% 7.7% 38.5% 100.0% 
% within Direction of 
holes 
20.0% 41.7% 100.0% 18.2% 83.3% 54.2% 
% of Total 2.1% 10.4% 16.7% 4.2% 20.8% 54.2% 
Acacia seyal Count 1 5 0 2 1 9 
% within Species 11.1% 55.6% .0% 22.2% 11.1% 100.0% 
% within Direction of 
holes 
20.0% 41.7% .0% 18.2% 8.3% 18.8% 
% of Total 2.1% 10.4% .0% 4.2% 2.1% 18.8% 
Total Count 5 12 8 11 12 48 
% within Species 10.4% 25.0% 16.7% 22.9% 25.0% 100.0% 
% within Direction of 
holes 
100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 
% of Total 10.4% 25.0% 16.7% 22.9% 25.0% 100.0% 
Number of infestation holes on Acacia species 
Species Mean N Std. Deviation % of Total N 
Acacia mellifera 3.69 13 2.780 27.1% 
Acacia senegal 3.50 26 3.010 54.2% 
Acacia seyal 2.78 9 1.563 18.8% 
Total 3.42 48 2.704 100.0% 
Appendix 9.  
Examples of cerambycidae species with recorded habitat in Africa-Sudan 
Table.4.26 Cerambycidae records in Sudan  
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Ossibia fuscata (CHEVROLAT 1856) Adlbauer (1998) 
Tibestia dallonii PEYERIMHOFF 1936, gen. prop., spec. prop. (Fig. 5) Adlbauer (2000) 
Corus pseudocostiger BREUNING 1936 Adlbauer (1998) 
Deroplia (Amblesthidus) insignis (DISTANT 1898) Adlbauer (1998) 
Sophronica nigricollis BREUNING 1940 Adlbauer (1998) 
Exocentrus (Camptomyme) variegatus ssp. typ.  DUVIVIER 1891 Adlbauer (1998) 
Tragocephala variegata BERTOLONI 1849 Adlbauer (1998) 
Prosopocera (Alphitopola) flavescens ssp. typ. BREUNING 1936 Adlbauer (1998) 
Idactus spinipennis GAHAN 1890 Adlbauer (1998) 
Crossotus cf. erlangeri HINTZ 1912 Adlbauer (1998) 
Crossotus subocellatus (FAIRMAIRE 1886) Adlbauer (1998) 
Crossotus plumicornis SERVILLE 1835 Adlbauer (1998) 
Titoceres jaspideus (SERVILLE 1835) Adlbauer (1998) 
Eunidia piperita GAHAN 1898 Adlbauer (1998) 
Eunidia haplotrita AURIVILLIUS 1911 Adlbauer (1998) 
Eunidia flavoapicata ssp. typ. BREUNING 1939 Adlbauer (1998) 
Eunidia kristenseni AURIVILLIUS 1911 Adlbauer (1998) 
Eunidia subtesselata GAHAN 1909    Adlbauer (1998) 
Enaretta castelnaudi THOMSON 1864 Adlbauer (1998) 
Pterolophia cf. albocincta GAHAN 1894 Adlbauer (1998) 
Deroplia (Amblesthidus) insignis (DISTANT 1898) Adlbauer (1998) 
Exocentrus (Camptomyme) variegatus DUVIVIER 1811 Adlbauer (1998) 
Hyllisia trivittata BREUNING 1940    Adlbauer (1998) 
Hyllisia antennata (FABRICIUS 1801) Adlbauer (1998) 
Locus typicus: Obock (=Djibouti). Adlbauer (1997) 
Tragocephala variegata Bertoloni, 1849 (Fig. 7) Adlbauer (1997) 
Species Data Source 
Cantharocnemis (Cantharocnemis) spondyloides SERVILLE 1832 Adlbauer (1999)  
Cantharocnemis (Cantharoplatys) kraatzi THOMSON 1860 Adlbauer (1999) 
Daramus (Daramus) serricornis FAIRMAIRE 1892 Adlbauer  (1999)  
Noserius abyssinicus (JORDAN 1894) Adlbauer (1999)   
Lygrus clavipes (KOLBE 1894) Adlbauer (1999)  
Xystrocera dispar FAHRAEUS 1872 Adlbauer (1998) 
Xystrocera sudanica BREUNING 1957 (Fig. 10) Adlbauer (1998)  
Taurotagus griseus (GUERIN 1843) Adlbauer (1998)  
Derolus subaureus (JORDAN 1894) Adlbauer (1998)  
Zoodes liturifer (WALKER 1871) Adlbauer (1998)  
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Crossotus erlangeri Hintz, 1912 Adlbauer (1997) 
Ecyroschema favosum Thomson, 1864 Adlbauer (1997) 
Planodema bimaculata (Aurivillius, 1916) (Fig. 39) Adlbauer (1997) 
Deroplia (Ambesthidus) insignis (Distant, 1898) (Fig. 41) Adlbauer (1997) 
Sophronica nigricolis Breuning, 1940 Adlbauer (1997) 
Exocentrus (Camptomyme) variegatus Duvivier, 1891 Adlbauer (1997) 
 
Appendix 10. Crosstab. 







10 7 41 58 
17.2% 12.1% 70.7% 100.0% 
90.9% 87.5% 93.2% 92.1% 
1 1 3 5 
20.0% 20.0% 60.0% 100.0% 
9.1% 12.5% 6.8% 7.9% 
11 8 44 63 




% within  
Count 
% between 
% within  
Count 
% of Total 
yes 
no 
Are you land 
owner? 
Total 
10-30 % 31-50 % 51-100 % 





Table. Borers increase in recent years 
 




21 11 1 1 15 6 3 2 60 
35.0% 18.3% 1.7% 1.7% 25.0% 10.0% 5.0% 3.3% 100.0% 
87.5% 100.0% 50.0% 100.0% 100.0% 100.0% 100.0% 66.7% 92.3% 
         3 1 1 5 
60.0% 20.0% 20.0% 100.0% 
12.5% 50.0% 33.3% 7.7% 
    24 11 2 1 15 6 3 3 65 
         

















% of Total 
yes 
no 
Are you land 
owner? 
Total 
i do not know drought 






no any cortol 
for borer was 
done no control good rainfall 
If yes or no why? 
Total 
29 31 60 
48.3% 51.7% 100.0% 
90.6% 93.9% 92.3% 
3 2 5 
60.0% 40.0% 100.0% 
9.4% 6.1% 7.7% 
32 33 65 
49.2% 50.8% 100.0% 
Frequency 
Count 









% of Total 
yes 
no 




Is the borer increase in 
















20 40 60 
33.3% 66.7% 100.0% 
95.2% 90.9% 92.3% 
1 4 5 
20.0% 80.0% 100.0% 
4.8% 9.1% 7.7% 
21 44 65 













% of Total 
yes 
no 




Have you seen borer 





Appendix 11. Descriptive statistic of the Acacia species  
A. Acacia senegal 
  N Minimum Maximum Mean 
  Statistic Statistic Statistic Statistic Std. Error 
Tree age 210 5.00 43.00 14.4619 .67818 
DBH 210 1.00 24.60 6.4838 .26774 
CD 209 2.00 16.36 6.8841 .17993 
CZ 209 3.14 210.11 42.5080 2.30716 
TH 206 .00 9.70 2.8711 .11716 
TT 208 19.70 42.60 27.5210 .29128 
Valid N (list wise) 203         
 
 













                           Frequency distribution of  tree temperature  of  A.senegal 
B. Acacia seyal 
Descrptive statistic of A. seyal 
 N Minimum Maximum Mean 
  Statistic Statistic Statistic Statistic Std. Error 
Tree age 226 2.00 27.00 11.6903 .45589 
DBH 224 1.90 26.50 9.0705 .33551 
CD 222 2.61 24.09 10.7694 .30962 
CZ 222 3.14 455.97 106.8519 5.59811 
TH 219 1.15 17.00 7.4098 .28564 
Valid N 
(listwise) 





Frequency distribution of tree age of A. seyal 
 
 






Frequency distribution of DBH of A. seyal 
 
 






Frequency distribution of tree height of A. seyal 
 
 










C. Acacia mellifera 
Descriptive statistics of A. mellifera 
 
  N Minimum Maximum Mean 
  Statistic Statistic Statistic Statistic Std. Error 
Tree age 88 2.00 21.00 8.7727 .43511 
DBH 86 1.90 26.50 7.9884 .49832 
CD 86 4.10 18.40 11.8537 .36466 
CZ 86 13.19 265.78 119.2348 6.67273 
TH 83 1.50 17.00 7.2892 .40896 
TT 83 17.30 41.10 30.0580 .59757 









Frequency distribution of DBH of A. mellifera 
 
 





Frequency distribution of tree temperature of A. mellifera 
 
 




DBH of Infested Trees of A. senegal 
 





 DBH of Infested Trees of A. mellifera 
 
 





 DBH of Infested Trees of A. seyal 
 





 Crown size of A. senegal 
 






Emerged  long-horned  beetle emerged from damaged stem of Acacia senegal (Author, 
July 2007- Acacia Agricultural Project). 
 
 





Flight interception trap- El Demokeya reserve forest 
 
Appendix 13 
Name of the villages involve in Questionnaire 





















Appendix 12. Species  
Anthracocentrus arabicus (Thomson, 1877)  
 
Anthracocentrus arabicus (Thomson, 1877) 
 





Crossotus subocellatus Fairmaire (Crossotus subocellatus subocellatus (Fairmaire, 1886). 
 
 
Crossotus subocellatus Fairmaire 
 
Doesus telephoroides Pascoe, 1862  
 




Titoceres jaspideus (Audinet Serville, 1835).  
 
Titoceres jaspideus (Audinet Serville, 1835) 
 


















Gasponia  gaurani Fairmaire, 1892 
Crossotus albicollis (Guérin, 1844)  
 
Crossotus albicollis (Guérin, 1844) 
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Coelodon servum White, 1853  
 
Coelodon servum White, 1853 
Key to Anthracocentrus species of the Gulf region (males only) (Rejzek et al. 2005) 
Head on vertex smooth and glaborous, supra-orbital ridges feebly raised and not continued 
back beyond the hind margin of the eyes, labrum rounded, clypeuss bearing erect setae only, 
usually very short, pronotum lesss strongly transverse, on average prosternal process more 
rounded at apex, lateral lobes of aedeagus usually short and stout, flattened in cross-section. 
………………………………………………………………….A. arabicus 
Key to Anthracocentrus species of the Gulf region (females only) (Rejzek et al. 2005) 
Clypeus bearing very short erect setae, towards the sides some longer setae may be present 
but then they are always erect, on average the pubescence of the clypeus is much sparser, la-
brum usually rounded, pronotum less strongly transverse, on average prosternal process more 
rounded at pex. 
………………………………………………………………….A. arabicus 




1 Tarsi distinctly pentamerous (5-segmented), third segment not dilated, not concealing mi-
nute fourth seg-
ment……………………………………………………………………………………2  
-Tarsi pseudotetramerous (apparently 4-segmented), third segment dilated, concealing minute 
fourth segment 
……………………………………………………………………………………3 
2 Prothorax with distinct lateral margin 
……………………………………………..Parandrinae 
- Prothorax without lateral margin 
……………………………………………………Spondylinae 
3 Last maxillary palpal segment acute 
…………………………………………………..Lamiinae 
- Last maxillary palpal segment obtuse or truncate at apex 
………………………………………4 
4 Prothorax with lateral margin or partial lateral margin; fore coxae transverse 
………………...5 
- Prothorax without lateral margin; fore coxae projecting, conical or rounded, rarely trans-
verse……………………………………………………………………………………………
………. 6 
5 Prothorax with complete lateral margin 
………………………………………………Prioninae 
- Prothorax with vague lateral margin in basal 
half………………………………………Philinae 
6 Fore coxae conical; head narrowed behind the eyes and usually separated from neck by a 
distinct sulcus……………………………………………………………………Lepturinae 
- Fore coxae rounded, rarely transverse or conical (in Oemini); head with sides straight or 
rounded, usually without sulcus separating from neck ……………………………………….7 
7 Stridulatory plate of mesonotum divided by a glabrous median line …………….Aseminae 





The following key is adapted from GRESSITT & RONDON1970, Cerambycides of Laos, 
Pacific Insects Monogr. 24:42-43. 
1 Eye coarsely facetted (except in certain Obriini and genus Lachnopterus THOMSON of 
Cerambycini) …………………………………………………………………………..2 
- Eye finely facetted ……………………………………………………………………7 
2 Mid coxal cavity open to epimeron externally (seeFig.le) …………………………..3 
- Mid coxal cavity closed to epimeron externally (seeFig.lf) ………………………….5 
3 Intercoxal process of prosternum narrow, rarely broadened distally ………………..4 
- Intercoxal process of prosternum wide, broadened distally; pronotum usually more or less 
strongly ridged……………………………………………………………..Cerambycini 
4 Fore coxae globose (if subconical, cavity closed behind)……………Hesperophanini 
- Fore coxae prominent, conical or subconical, angulate externally, often broadly open behind 
……………………………………………………………………………………Oemini 
5 Antennal segments not spined ………………………………………………………6 
- Some of basal segments spined endoapically…………………………..Phorocanthini 
6 Abdominal segment 1 normal, not greatly enlarged. …………………….Callidiopini 
Abdominal segment 1 greatly enlarged, often as long as rest of segments combined; rest of 
segments transformed into an ovipository apparatus in female..............................Obriini 
7 Mid coxal cavity open to epimeron externally …………………………………………8 
- Mid coxal cavity closed to epimeron externally.... …………………………………….19 
8 Abdominal segment 1 normal, not greatly enlarged... ………………………………….9 
Abdominal segment 1 greatly enlarged, often as long as remaining segments combined; re-
maining segments transformed into an ovipository apparatus in female. ………..Obriini 
9 Fore coxal cavity angulate externally (Fig.lb).... ………………………………………10 
- Fore coxal cavity rounded externally (Fig.la) ………………………………………….12 
10 Fore coxae not projecting above intercoxal process, its cavity open posteriorly …….11 
-Fore coxae projecting above intercoxal process, more or less cylindrical; elytron usually ab-
breviated. ………………………………………………………………………Molorchini 
11 Eye oval; antenna inserted some distance from eye……………………………Mythodini 
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-Eye emarginate, reniform; antenna inserted in emargination of eye …………… Rosaliini 
12 Scutellum large, triangulär, angulate posteriorly; metasternum with scent pore at posterior 
angle... ……………………………………………………………………………………….13 
- Scutellum small, usually not angulate behind; metasternum without scent pore …………..14 
13 Fore coxal cavity completely or nearly closed posteriorly (Fig. ld) 
………………………………………………………………………Callichromini 
-Fore coxal cavity widely open behind 
(Fig.lc)..................................................................................................Purpuricenini 
14 Fore coxal cavity open posteriorly 
…………………………………………………………..15 
-Fore coxal cavity closed posteriorly 17 
15 Elytra entire, not strongly dehiscent; pronotum rarely with strong swellings on disc  
…………………………………………………………………………………………………
…16 
-Elytra dehiscent; Prothorax with a strong median swelling on disc and mid basal upraised 
area on each elytron 
…………………………………………………………………………...Thraniini 
16 Metepimeron produced over angle of abdominal sternite l,enclosing hind coxae externally; 
metepisternum wide ……………………………………………………………………..Clytini 
- Metepimeron not produced over angle of abdominal 
sternite 1; metepisternum narrow …………………………………………………..Anaglyptini 
17 Legs long; hind femur usually exceeding abdominal apex ……………………………….18 
-Legs short; hind femur not reaching abdominal 
apex…………………………………Pyrestini 
18 Antennae usually longer than body in male, slender. 
…………………………Rhopalophorini 
-Antennae stout, shorter than body in male…………………………………………Prothemini 
19 Eye emarginate or divided; tarsal claws widely divergent or divari-
cate………………………………………………………………………………………….20 
- Eye entire, not emarginate; tarsal claws narrowly divergent Tillomorphini 
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20 Eyes large, close to each other on 
frons……………………………………………Glaucytini 
-Eye normal, not close to each other on frons 
………………………………………………….. 
21.Antennae longer than body, very slender 
……………………………………..Rhopalophorini 
Tribe Cerambycini 
1 Eye coarsely facetted 
…………………………………………………………………………………………...2 
- Eye finely facetted Lachnopterus THOMSON 
2 Fore coxal cavity strongly angulated externally (Fig. lb) 
……………………………………………………………………………………………3 
- Fore coxal cavity rounded or feebly angulated externally (Fig.la) 
…………………………………………………………………………………………….4 
3 Prothorax strongly spined at middle of side Plocaederus THOMSO 
-Prothorax not spined, bluntly tuberculate at middle of side Neocerambyx THOMSON 
4 Antennae not short and stout, nor strongly compressed and dilated externally, usually much 
longer than body in male 
……………………………………………………………………………………………..5 
-Antennae short and stout, or strongly compressed and dilated externally, often shorter than 
body in male. 
……………………………………………………………………………………………16 
5 Prothorax transverse 
……………………………………………………………………………………………..6 
-Prothorax as long as wide, or longer than wide.... 
…………………………………………………………………………………………….11 
6 Head with median carina between upper lobes of eyes; elytra with highly changing pattern 




- Head with usually a groove, never a carina between upper lobes of eyes 
……………………………………………………………………………………………….7 
7 Some antennal segments spined apically 
……………………………………………………………………………………………….8 
- Antennal segments not spined 
………………………………………………………………………………………………10 
8 Endoapical spines very small; mesosternal process with 
a deep, longitudinal groove ……………………………………………...Trachylophus GA-
HAN 
- Endo- and/or ectoapical spines very distinct; mesosternal process without deep longitudinal 
groove... 
……………………………………………………………………………………………….9 
9 Prothorax spined at middle of side; neck short; elytra with highly changing patterns of silky 
pubescens…………………………………………………………………………Tvivachys 
HOPE 
- Prothorax not spined; neck very long; elytra without changing patterns  
………………………………………………………………………Hoplocerambyx THOM-
SON 
10 Antennal supports acutely prominent on inner side; femora not carinate; body length over 
35 nun…………………………………………………………………………….Massicus 
PASCOE 
-Antennal supports depressed; femora finely carinate on each side of hind edge; body length 
up to 25 nun…………………………………………………………………………Derolus 
GAHAN 
11 Femora finely carinate on each side of hind edge; elytra heavily punctate and pubescent 
…………………………………………………………………………………………Calpazia PAS-
COE 




12 Neck very long; antennae of male densely fringed beneath with rather long hairs (at least 
in known Philippine species) ……………………………………………………..Dialeges 
PASCOE 
-Neck normal; antennae of male not fringed with rather long hairs (if fringed, the hairs are 
few or very short 
……………………………………………………………………………………………..13 
13 Prosternal process sloping, with or without a tubercle on its slope; pronotum very deeply 
corrugate…………………………………………………………………………Imbrius PAS-
COE 
- Prosternal process vertical, subvertical or prominent; pronotum not extremely deeply corru-
gate...................................................................................................................................14 
14 Mesosternal process sloping; scape without cica-
trix………………………………………15 
-Mesosternal process tuberculated; scape with distinct cicatrix …………Zegriades PASCOE* 
15 Antennal Segments 4 and 5> in male, with poriferous pit endobasally (the philippine spe-
cies only).................................................................................................................Elydnus 
PASCOE 
-Antennal Segments 4 and 5 normal— Dymasius THOMSON 
16 Antennae compressed and dilated externally, longer than body in male 
………………………………………………………………………………………………17 
Antennae short and stout, with segments 3-5 swollen, usually much shorter than body in both 
sexes 
………………………………………………………………………………………………18 
17 Elytra very finely and evenly punctate ……………………………Trachylophus GAHAN* 
- Elytra coarsely and deeply punctate, at least in basal half …………….Xoanodera PAS-
COE* 





-Mesosternal process sloping 
………………………………………………………………………………………………19 
19 Prosternal process sloping ………………………………………………Rhytidodera 
WHITE 
-Prosternal process tuberculate ……………………………………………..Zatrephus PAS-
COE 
 
 
 
